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Nominating:    Chairman,    H.    M.    Powell,    Eli    Lilly    and    Company;    P. 
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Program:  Chairman,  J.  D.  Mizelle,  Notre  Dame  University;  R.  M.  Cable, 
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Relation  of  Academy  to  State:  Chairman,  F.  N.  Wallace,  State  Depart- 
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0.  B.  Christy. 


MINUTES  OF  THE  SPRING  MEETING 

Brown  County  State  Park 

Abe  Martin  Lodge,  Nashville,  Indiana 

May  13-14,  1955 

President  A.  H.  Meyer  called  the  Executive  Committee  Meeting  to 
order  at  5:00  P.  M.  in  the  Abe  Martin  Lodge. 

The  officers  and  committees  reported  as  follows: 

Treasurer:  F.  Welcher  stated  that  the  Academy  is  steadily  losing 
ground  financially  and  that  definite  steps  should  be  taken  during  the  next 
fall  meeting  at  the  University  of  Notre  Dame  to  correct  this  process. 
This  was  originally  discussed  by  our  president,  Dr.  Meyer,  during  the 
Budget  Committee  Meeting,  December  11,  1954.  The  total  membership 
remains  nearly  the  same  from  year  to  year. 

Editor:  Benjamin  Moulton  reported  that  the  Proceedings  will  be 
issued  this  summer. 

Library:  Nellie  M.  Coats  remarked  that  the  Academy  Library  is 
being  used  extensively  from  over  the  United  States  and  that  new  journals 
are  being  added  from  time  to  time. 

Press  Secretary:  James  Clark  mentioned  that  the  usual  news 
releases  had  been  made. 

Program  Committee:  John  Mizelle  reported  that  plans  had  gone 
well  for  the  spring  meeting  and  that  all  would  be  in  readiness  for  the 
fall  meeting. 

Old  Business: 

1.  It  was  decided  that  the  fate  of  the  Natural  Areas  Preservation 
Committee  be  deferred  until  the  fall  meeting. 

New  Business: 

1.  The  secretary  read  a  letter  from  a  federal  government  tax  official 
which  stated  that  the  Research  Endowment  Foundation  Fund  as  well  as 
the  Academy  was  ruled  tax-exempt. 

2.  The  secretary  displayed  a  copy  of  an  Indiana  Annual  Non-profit 
Corporation  Report  which  will  have  to  be  filed  annually  in  the  office  of  the 
Secretary  of  State.  The  Academy  had  been  inadvertently  omitted  from 
the  mailing  list  since  1935  and  had  not  filed,  but  it  is  now  up-to-date  at 
a  cost  of  twenty  dollars.    The  charge  will  be  one  dollar  annually. 

All  reports  were   accepted.    The  meeting  adjourned  at  6:00  P.  M. 

Dinner  Meeting:  Following  the  dinner  in  Abe  Martin  Lodge,  the 
short  business  session  was  called  to  order  by  President  Meyer  in  the 
dining  room. 

1.  R.  A.  Laubengayer  reported  that  11  applications  for  membership 
had  been  received.  These  were  duly  acted  upon  and  the  applicants  ac- 
cepted for  membership  in  the  Academy. 
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2.  Announcements  of  the  field  trips  to  be  taken  the  next  day  were 
given  by  the  leaders. 

3.  Dr.  Raymond  A.  Gutschick  of  the  University  of  Notre  Dame 
presented  a  well  illustrated  and  interesting'  lecture  on  the  Grand  Canyon- 
A  Classical  Geological  Laboratory. 

4.  Mr.  Frank  Wallace  presented  his  excellent  kodachromes  on  In- 
diana flora  in  relation  to  the  seasons  of  the  year. 

Eighty-five  members  and  guests  signed  the  Academy  roll. 
All  scheduled  hikes  were  made  on  May  14  in  cloudy  but  pleasant 
weather. 

W.  A.  Daily, 

Secretary 


MINUTES  OF  THE  EXECUTIVE  COMMITTEE 

University  of  Notre  Dame,  October  13,  1955 

The  Executive  Committee  of  the  71st  session  was  called  to  order  by 
President  Meyer  in  Room  107,  Biology  Building,  at  8:00  P.  M. 

The  minutes  of  the  Spring  Meeting,  held  at  Brown  County  State 
Park,  were  read  and  approved. 

The  reports  of  officers  and  committee  representatives  were  presented 
and  accepted  as  follows: 

Treasurer.  Report  of  the  Treasurer  from  January  1,  1954  through 
December  31,  1955. 

Receipts 

Balance  on  hand  January   1,   1955 $1,454.18 

Dues  and  initiation  fees 2,028.00 

Publications  sold    39.00 

A.A.A.S.  refunds  for  research  grants 275.00 

Author's  reprints,  Vol.  62 61.00 

Author's  reprints,  Vol.  63 50.49 

Author's  reprints,  Vol.  64 225.56 

Contributions  for  Proceedings 

(Entomology  Dept.  Purdue  University) 200.00 

Designated    gift    50.00 

Talent   Search    1,990.85 

Binding  Proceedings  for  members 3.00 

Total $6,377.08 

Disbursements 

Editor  Vol.   64    $     200.00 

Expenses  of  President 3.13 

Expenses  of  Secretary     156.19 

Expenses   of   Treasurer    125.60 

Stationery 46.75 

Binding  Proceedings 35.00 

Talent  Search    1,990.85 

Program  Committee    283.32 

Research  Grants 335.00 

Secretary  of  State   20.00 

Mailing  Proceedings   125.73 

Returned   check    3.00 

Expenses  of  five  officers  as  directed  by  action  of 

1947   Executive  Committee    100.00 

Binding,  Academy  of  Science  Library 694.70 

Academy  Conference 10.00 

Author's  reprints,  Vol.  64 598.92 

Expenses   of  Regional   Science  Fair 50.00 

Refunds  on  Reprints,  Vol.  62 189.98 

Shipping    Reprints     23.25 

$4,991.42 
Balance  on  hand  December  31,  1955 1,385.66 

$6,377.08 
Prank  J.  Welcher,   Treasurer 

Editor  and  Publication  of  Proceedings.    Dr.  Ben  Moulton  reported 

that  the  delay  in  the  publication  of  this  year's  Proceedings  was  because 

of  a  heavy  load  of  state  printing  orders  by  our  printer. 

Trustees  of  the  Academy  Foundation.    The  secretary  presented  the 

report  for  Oct.  1, 1954  to  Sept.  30,  1955: 

Oct.  1,  1954.    Beginning  balance $  1,477.27 

Oct.  1,  1954  to  Sept.  30,  1955— Total  receipts 358.36 

Oct.  8,  1954  to  Sept.  30,  1955— Bank  Fees 33.89 

Sept.  30,  1955— Transfer  to  principal 1,000.00 

Total  disbursements   $  1,033.89 
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Ending  cash  balance 801.74 

Bonds  and  shares  of  stock — Total  carrying  value $13,412.00 

Bonding  of  Trustees.  The  secretary  read  the  following  report  from 
Chairman  Scott  McCoy:  The  bond  covering  the  Treasurer  and  the 
Trustees  is  still  in  force.    The  expiration  date  is  Nov.  18,  1956. 

Auditing  Committee.  The  secretary  read  the  report  received  from 
Chairman,  Dr.  W.  P.  Morgan,  as  follows:  The  treasurer's  report  for  1954 
has  been  carefully  checked.  All  items  are  accounted  for  and  the  records 
are  in  good  form.  All  amounts  are  correctly  stated. 

Press  Secretary.  James  Clark  reported  that  the  usual  news  releases 
were  made.  Good  cooperation  was  obtained  from  the  Notre  Dame 
publicity  staff.  Few  popularized  abstracts  were  sent  in  by  the  members. 
Greater  effort  would  be  helpful  to  popularize  papers  for  newspaper  and 
other  publicity  releases. 

Research  Grants.  Dr.  T.  G.  Yuncker  gave  the  following  report: 
During  the  past  year  the  following  grants  have  been  made  by  the 
Research  Grants  Committee  of  the  Indiana  Academy  of  Science: 

Mr.  J.  W.  Wood — $100  to  assist  in  his  study  of  fossil  cones. 
Dr.    Winona    Welch — $100   for    use   in   her   study   of   the    moss 

family,  Hookeriaceae. 
Dr.  J.  S.  Karling — $100  to  assist  in  the  collection  and  study  of 
Indiana,   Illinois   and   Wisconsin   species   of  the   genus,   Syn- 
chytrium. 
Dr.  A.  T.  Guard — $75  for  use  in  connection  with  field  work  in 
a  study  of  the  genetics  of  Helianthus. 
It  should  be  understood  that  the  Academy  has  a  rule  of  long  standing 
to  the  effect  that  no  person  is  eligible  for  a  grant  unless  he  has  been  a 
member  of  the  Academy  in  good  standing  for  at  least  two  years. 

Nominations.  Dr.  H.  M.  Powell  reported  the  following  nominations: 
Mr.  Ward  J.  Rice  to  serve  another  term  as  trustee  of  the  Academy 
Foundation,  Mr.  Scott  McCoy  to  continue  as  chairman  and  Dr.  W.  P. 
Morgan  to  serve  on  the  Bonding  of  Trustees  Committee.  Dr.  M.  G.  Mellon 
to  serve  another  term  on  the  Research  Grants  Committee. 

Fellows:  Dr.  H.  M.  Powell  reported  that  after  due  deliberation  the 
following  names  are  presented  to  the  Executive  Committee  with  the 
recommendation  that  they  be  elected  as  Fellows  of  the  Indiana  Academy 
of  Science: 

Dr.  Otto  K.  Behrens,  Eli  Lilly  and  Company,  Indianapolis. 

Dr.  Milton  Burton,  Department  of  Chemistry,  University  of  Notre 

Dame. 
Dr.    Robert    Cooper,    Department   of   Biology,    Ball    State    Teachers 

College. 
Dr.  Ray  Thomas  Everly,  Department  of  Entomology,  Purdue  Uni- 
versity. 
Dr.    Margaret    H.    Fulford,    Department    of    Botany,    University    of 

Cincinnati. 
Dr.   Charles   W.   Hagen,  Jr.,   Department  of  Botany,   Indiana   Uni- 
versity. 
Dr.  Frank  N.  Young,  Jr.,  Department  of  Zoology,  Indiana  University. 
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For  Fellow  of  the  American  Association  of  the  Advancement  of 
Science: 

Mr.  William  A.  Daily,  Microbiological  Research,  Eli  Lilly  and 
Company. 

Biological  Survey.  Fay  K.  Daily  reported  that  the  response  was  very 
satisfactory  to  completion  and  return  of  the  Biological  Survey  Question- 
naire, the  results  of  which  are  available  in  the  Proceedings  of  the  Indiana 
Academy  of  Science,  Vol.  64. 

Some  reports  of  work  completed  or  in  progress  have  been  made 
by  members  of  the  committee.  In  the  next  two  or  three  months,  a  new 
issue  of  "Investigations  of  Indiana  Lakes  and  Streams"  will  be  published 
including  a  paper  by  D.  G.  Frey  on  the  distribution  of  Ciscoes  of  the 
state  and  a  paper  by  S.  D.  Gerking  on  a  key  to  the  fishes  of  Indiana. 
Dr.  Sherman  A.  Minton,  Jr.,  completed  a  paper  on  the  Herpetology  of 
Indiana,  but  has  no  publisher  as  yet.  He  also  sent  a  list  of  recent  papers 
on  this  subject  to  supplement  the  list  which  he  has  provided  for  the 
Biological  Survey  Committee  files.  Dr.  Winona  H.  Welch  completed 
the  manuscript  for  an  Indiana  Moss  Manual  to  be  published  soon.  She 
prepared  an  illustrated  key  to  Indiana  mosses  for  use  by  park  naturalists 
last  year.  Dr.  H.  H.  Michaud  published  "Conservation  Teaching  Tips" 
with  P.  L.  Whitaker  as  co-author.  Studies  in  progress  include  one  by  Drs. 
Frank  Young  and  I.  J.  Cantrall  on  grasshoppers  and  another  by  W.  A. 
and  F.  K.  Daily  on  the  algae. 

Library.  Miss  Nell  M.  Coats  presented  the  following:  The  Indiana 
Academy  of  Science  Proceedings,  v.  64,  1954,  published  September  14, 
1955,  have  been  distributed  to  members,  the  Indiana  State  Library  sup- 
plying envelopes  and  labor  for  the  process. 

The  volume  will  be  mailed  shortly  to  the  537  scientific  and  technical 
institutions  and  societies  with  which  the  Academy's  library  has  exchange 
agreements.  Of  these  exchanges  229  are  domestic  and  308  foreign, 
representing  all  areas  of  the  United  States  and  68  nations  other  than  the 
United  States,  an  important  geographic  range.  Currently  these  agencies 
send  to  the  Academy  869  serial  titles,  an  increase  of  55  from  the  last 
report  period.  These  include  such  titles  as  the  Amsterdam  Naturalist; 
Applied  Photography;  a  publication  of  the  Argentine  Atomic  Energy 
Commission;  Land  Research,  from  Australia;  the  Australian  Journal  of 
Zoology;  Beitrdge  zur  Entomologie  issued  by  the  Deutsche  Entomologische 
Institut;  a  publication  of  the  Iraq  Natural  History  Museum;  Memorias 
from  a  museum  in  Mozambique;  Publications  in  Anthropology,  from  the 
Milwaukee  Public  Museum;  the  Nagoya  Mathematical  Journal;  Rein- 
war  dtia  from  the  botanic  gardens  at  Bogor  on  Java.  The  figure  of  869 
titles  compares  favorably  with  the  229  received  in  1935.  In  addition  to 
much  paper  covered  material,  the  library  contains  4958  bound  volumes. 
Mrs.  Harold  Burton  has  prepared  212  volumes  for  binding  which  will 
bring  the  total  to  5170  volumes. 

Junior  Academy.    Dr.  H.  H.  Michaud  gave  the  following  report: 

The  twenty-second  annual  meeting  of  the  Indiana  Junior  Academy 
of  Science  was  held  jointly  with  the  Purdue  Sci-Math  Assembly  Saturday, 
October  16,  1954,  in  the  Union  Building  at  Purdue  University,  Lafayette, 
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Indiana.  Approximately  1600  high  school  students,  teachers,  and  guests 
registered  for  the  combined  sessions. 

In  addition  to  the  usual  program  of  exhibits  and  papers  by  Junior 
Academy  members,  the  program  included  career  conferences  with 
scientists,  visits  to  instructional  and  research  laboratories,  and  an  op- 
portunity for  students  to  discuss  projects  in  science  with  specialists. 

Two  new  science  clubs  have  been  enrolled  in  the  Junior  Academy 
since  the  last  report.  They  include  the  Science  Club  of  Chesterton 
High  School  and  the  Phi-Chi  Club  of  New  Haven  High  School.  There 
are  forty-four  clubs  listed  on  the  present  roll  of  the  Junior  Academy. 

The  twenty-third  annual  meeting  of  the  Junior  Academy  of  Science 
will  convene  this  Saturday,  October  15.  Registration  and  exhibits  will 
be  held  in  the  Nieuwland  Science  Center,  Notre  Dame  University.  The 
general  assembly  and  afternoon  program  will  be  held  in  the  auditorium 
of  the  engineering  building. 

The  titles  of  papers  to  be  read  by  club  members  represent  a  wide 
variety  of  scientific  interest  from  mathematics  to  geology.  Students 
will  be  given  the  opportunity  again  this  year  to  visit  the  scientific 
laboratories  of  Notre  Dame  as  they  did  at  Purdue  last  year. 

The  Junior  Academy  is  an  excellent  medium  for  stimulating  interest 
in  science  among  both  students  and  teachers.  One  student  on  the  pro- 
gram this  year,  for  example,  has  developed  an  unusual  technique  for 
making  bacterial  counts  in  milk.  He  has  discussed  this  method  with  the 
head  of  the  departmental  of  bacteriology  at  Indiana  University  and  has 
received  special  encouragement  because  of  his  apparent  ability. 

Indiana  Science  Talent  Search.    Dr.  R.  W.  Lefler  stated  that: 

One  hundred  six  Indiana  high  school  seniors  completed  the  require- 
ments for  entry  in  the  Science  Talent  Search  during  the  1954-1955 
school  year.  Ninety-seven  of  these  students  are  attending  28  colleges;  74 
are  in  15  Indiana  colleges. 

Sixty-one  students  have  been  awarded  scholarships  by  the  colleges 
they  attend.  Fifty-four  of  the  scholarships  have  associated  stipends, 
which  over  the  four  year  period  of  undergraduate  study  will  amount  to 
more  than  $58,000.  Forty-three  received  extra  honors  at  high  school 
graduation. 

The  Indiana  Science  Talent  Search  has  found  a  devoted  friend  in 
Mr.  Robert  Gwin,  Manager  of  the  Indianapolis  Industrial  Exposition  of 
the  Indianapolis  Chamber  of  Commerce.  Mr.  Gwin  took  charge  of  our 
fund  raising  which  resulted  in  contributions  of  $1727.35.  This  amount 
exactly  balanced  our  expenditures.  We  are  indebted  to  the  Indianapolis 
Times,  The  Allison  Division  of  General  Motors,  Eli  Lilly  and  Company, 
The  Indianapolis  Power  and  Light  Company  and  the  P.  R.  Mallory 
Company  for  the  contributions  which  made  the  1954-55  Search  possible. 

The  Search  culminates  in  a  Junior  Scientists  Assembly  which  will 
be  held  again  on  March  23-24  1956  in  the  Claypool  Hotel  in  Indianapolis. 

Dr.  Lefler  also  reported  on  the  Indiana  Regional  Science  Fairs,  which 
were  held  in  eight  centers  during  the  spring  of  1955.  There  were  about 
830  student  exhibits  entered  in  the  fairs.  Fifteen  students  and  their 
teacher  sponsors  were  sent  to  the  national  Science  Fair  in  Cleveland, 
Ohio,  with  expenses  paid. 
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Because  of  necessary  operating  expenses  for  each  regional  fair,  it 
has  been  proposed  that  the  Indiana  Academy  of  Science  approve  an 
amount  not  to  exceed  $75.00  to  cover  the  difference  between  the  actual 
cost  of  printing  and  distributing  the  1956  science  fair  poster  and  the 
$225  appropriated  this  year  by  the  Indiana  Engineering  Council.  This 
has  been  referred  to  the  next  meeting  of  the  Budget  Committee. 

It  was  also  moved  and  approved  that  the  possibility  of  using  some 
of  the  funds  from  the  Research  Endowment  for  research  by  high  school 
students  be  referred  for  consideration  to  the  proper  committee. 

Relation  of  Academy  to  State.  Mr.  Frank  N.  Wallace  reported  that 
the  Legislature  has  appropriated  $4,000.00  for  the  publication  of  next 
year's  Proceedings  of  the  Indiana  Academy  of  Science. 

Invitations  Committee.  Dr.  Richard  Laubengayer,  chairman  pro  tern, 
stated  that  an  invitation  had  been  received  from  Indiana  University  to 
hold  the  fall  meeting  on  their  campus  in  1956. 

Membership  Committee.  Dr.  R.  A.  Laubengayer  presented  a 
progress  report.  The  election  of  new  members  will  be  held  during  the 
dinner  meeting  tonight. 

Program  Committee.  Dr.  John  Mizelle  announced  that  registration, 
payment  of  dues  and  banquet  tickets  could  be  secured  at  Morris  Inn. 
It  was  suggested  that  visual  aids  for  presentation  of  papers  at  sectional 
meetings  be  requested  by  authors  and  chairmen  earlier  so  that  the 
materials  could  be  procured  in  ample  time  by  the  chairman  of  the 
Program  Committee. 

Representative  on  Council  of  A.A.A.S.  Dr.  Sears  Crowell  sent  a 
report  stating  that  nothing  of  immediate  concern  to  the  Academy  tran- 
spired during  the  last  A.A.A.S.  meeting. 

Old  Business. 

1.  It  was  decided  that  the  Natural  Areas  Preservation  Committee 
should  remain  on  an  inactive  basis  until  further  notice. 

New  Business. 

1.  It  was  recommended  that  Dr.  Ralph  Howard  Carr,  Orlando, 
Florida,  formerly  of  Purdue  University,  become  an  Emeritus  Member, 
without  receipt  of  Proceedings  each  year. 

2.  The  cost  of  preparing  and  sending  a  Presidential  News  Letter 
was  referred  to  the  Budget  Committee  for  consideration. 

3.  A  check  for  $50.00  was  recently  received  from  Mr.  C.  M.  Goethe 
of  California  to  be  used  as  the  Academy  chose  for  junior  membership 
or  married  graduate  students.  It  was  decided  to  use  this  money  to  aid 
in  defraying  the  cost  of  printing  and  distributing  the  1956  science  fair 
poster. 

4.  A  movement  to  establish  a  commission  to  study  the  building  of 
a  State  Museum  Building  was  discussed.  It  was  mentioned  that  each 
candidate  for  the  legislature  by  county  should  be  contacted  on  this 
matter. 

The  meeting  adjourned  at  10:15  P.  M. 

W.  A.  Daily, 
Secretary 


MINUTES  OF  THE  GENERAL  SESSION 

University  of  Notre  Dame,  October  14,  1955 

The  Reverend  T.  M.  Hesburgh,  C.S.C.,  President  of  the  University  of 
Notre  Dame,  welcomed  the  Indiana  Academy  of  Science  to  the  Notre 
Dame  Campus.  A  response  was  given  by  Dr.  A.  H.  Meyer,  President  of 
the  Indiana  Academy  of  Science. 

The  minutes  of  the  Executive  Committee  were  read  and  approved. 

Dr.  0.  B.  Christy  presented  a  biography  of  the  members  who  had 
died  during  the  year.  They  were:  Rolla  Roy  Ramsey,  John  E.  Potzger, 
William  A.  Myers,  William  Ray  Allen,  Joseph  Lewis  Hyatt. 

Dr.  Charles  E.  Brambel,  Head,  Department  of  Biology,  University 
of  Notre  Dame,  presented  a  provocative  address  entitled,  What  is  a 
Biologist? 

The  meeting  adjourned  at  10:50  A.  M. 

Sectional  meetings  then  began  with  a  recess  for  lunch,  after  which 
meetings  were  resumed. 

The  annual  dinner  was  held  in  the  Bronzewood  Room  at  the  LaSalle 
Hotel,  South  Bend. 

Vice-President  Willis  Johnson  introduced  the  guests  and  officers  at 
the  speakers'  table. 

During  the  following  short  business  session,  Dr.  R.  A.  Laubengayer 
presented  the  names  of  49  applicants  for  membership.  These  were  duly 
elected. 

Dr.  T.  G.  Yuncker  presented  the  following  resolutions: 

Whereas: 

The  Indiana  Academy  of  Science  is  deeply  grateful  to  the  University 
of  Notre  Dame  for  their  invitation  to  hold  its  71st  annual  meeting  on 
their  beautiful  campus,  and 

Whereas: 

Administration,  faculty  and  students  alike  have  cooperated  in  placing 
at  the  disposal  of  the  Academy  members  all  rooms  and  other  facilities 
necessary  for  the  holding  of  the  numerous  sectional  meetings,  be  it 

Resolved: 

That  the  Academy  members  here  assembled  express  their  sincere 
thanks  to  Notre  Dame  through  the  Reverend  T.  M.  Hesburgh,  C.S.C., 
President  of  the  University,  for  all  the  courtesies  which  have  been  shown 
the  Academy  during  the  meetings. 

Thanks  are  also  expressed  to  the  laboratories  of  Bacteriology  of  the 
University  for  the  conducted  tours  which  enabled  the  Academy  members 
the  opportunity  of  visiting  the  world-famous  Lobund,  experimental 
germ-free  laboratories. 

Special  appreciation  and  thanks  are  due  Prof.  J.  D.  Mizelle  and 
his  committee  in  charge  of  program  and  arrangements  for  the  splendid 
and  efficient  manner  in  which  all  arrangements  were  made  for  the  con- 
duction of  the  business  of  the  Academy  and  the  comfort  and  convenience 
of  the  membership. 
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It  was  recommended  that  a  copy  of  these  resolutions  be  sent  Pres. 
Hesburgh  and  Prof.  Mizelle. 

The  Nominations  Committee  report  was  given  by  the  Chairman, 
H.  M.  Powell.  Divisional  Chairmen  for  1956  will  be:  Anthropology,  Dr. 
George  K.  Neumann,  Indiana  University;  Bacteriology,  Dr.  Eugene  D. 
Weinberg,  Indiana  University;  Botany,  Dr.  Charles  W.  Hagen,  Indiana 
University;  Chemistry,  Dr.  Donald  J.  Cook,  DePauw  University;  Ento- 
mology, Dr.  Donald  L.  Schuder,  Purdue  University;  Geology  and  Geog- 
raphy, Prof.  B.  H.  Schockel,  Aurora,  Indiana;  History  of  Science,  Dr.  W. 
J.  Tinkle,  R.  R.  1,  Albany,  Indiana;  Mathematics,  Dr.  Harry  Crull, 
Butler  University;  Physics,  Dr.  Allan  Mitchell,  Indiana  University;  Plant 
Taxonomy,  Dr.  Carrolle  A.  Markle,  Earlham  College;  Psychology,  Dr. 
J.  P.  Egan,  Indiana  University;  Zoology,  Dr.  Enos  G.  Pray,  Hanover 
College. 

The  following  members  were  recommended  to  serve  as  1956  officers: 
President,  Dr.  Raymond  E.  Girton,  Purdue  University;  Vice-president, 
Dr.  John  Mizelle,  University  of  Notre  Dame;  Secretary,  Mr.  W.  A.  Daily, 
Eli  Lilly  and  Company;  Treasurer,  Dr.  Frank  Welcher,  Indiana  Uni- 
versity Adult  Education  Center,  Indianapolis;  Editor,  Dr.  Richard 
Laubengayer,  Wabash  College;  Press  Secretary,  Mr.  James  Clark,  Con- 
servation Department,  Indianapolis. 

President  A.  H.  Meyer  then  gave  a  very  interesting  and  timely  ad- 
dress entitled,  Societal  Responsibilities  of  Academies  of  Science  at  Mid- 
Century. 

The  71st  annual  meeting  of  the  Indiana  Academy  of  Science  with  a 
general  attendance  of  385  and  a  dinner  attendance  of  120  was  adjourned. 

W.  A.  Daily, 

Secretary 
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Ae,  Shigeru  Albert,  Box  126,  Notre  Dame  University,  Notre  Dame, 

Ind.  Bo,  Z 

Albright,   Lewis   E.,   Psychology   Department,   Purdue   University, 

Lafayette,  Ind.  Ps 

Barr,  Ernest  G.,  Tippecanoe  Laboratories,  Eli  Lilly  and  Co., 

Lafayette,  Ind.  C 

Borders,  Donald,  Chemistry  Department,  Indiana  University, 

Bloomington,  Ind.  C 

Broyles,  Dr.  Ralph  E.,  5701  Fairfield  Ave.,  Fort  Wayne,  Ind. 

Cantrall,  Dr.  Irving  J.,  E.  S.  George  Reserve,  Pinckney,  Mich.  E 

Carter,  Paul  D.,  Box  181,  Sanborn,  Ind.  M 

Cesari,  Prof.  Lamberto,  2801  Greenbush  St.,  Lafayette,  Ind.  M 

,  Chao,  Dr.  Tai  Siang,  591  Pelham  Blvd.,  St.  Paul,  Minn.  C 

Davis,  Robert  Earle,  Department  of  Chemistry,  Harvard 

University,  Cambridge,  Mass.  C 

Egan,  Dr.  James  P.,  Director,  Hearing  and  Communication  Lab- 
oratory, Psychology  Department,  Indiana  University, 
Bloomington,  Ind.  Ps 

Elliott,  Dr.  Alice,  Ball  State  Teachers  College,  Muncie,  Ind.  Z 

Ellis,  Robert  G.,  President,  Ellis  and  Co.,  205  W.  Wacker  Dr., 

Chicago  6,  111.  Ph 

Erd,  Richard  C,  2104  Hildarose  Dr.  -3,  Silver  Spring,  Md.  G 

Flaten,  Clarence  M.,  South  Hoosier  Hall,  Indiana  University, 

Bloomington,  Ind.  Bo 

Fry,  William  O.,  Jr.,  Eli  Lilly  and  Co.,  Lafayette,  Ind.  Ba,  C 

Gerjuoy,    Dr.   Herbert,   Department  of   Psychology,   Indiana   Uni- 
versity, Bloomington,  Ind.  Ps 

Gerjuoy,  Dr.  Irma,  R.  R.  1,  Bloomington,  Ind.  Ps 

Gregory,  Paul  N.,  Tippecanoe  Laboratories,  Eli  Lilly  and  Co., 

Lafayette,  Ind.  Ba,  C 

Gutschick,  Dr.  R.  C,  Department  of  Geology,  University  of  Notre 

Dame,  Notre  Dame,  Ind.  G 

Harrises,  Antonio,  Department  of  Biology,  University  of  Notre 

Dame,  Notre  Dame,  Ind.  Z 

Hart,  Dr.  John  Fraser,  Department  of  Geography,  Indiana  Uni- 
versity, Bloomington,  Ind.  G 

Higgens,  Calvin  E.,  Lilly  Research  Laboratories,  Eli  Lilly  and  Co., 

740  S.  Alabama  St.,  Indianapolis,  Ind.  Ba,  Bo 

Hill,    Sister    Ann    Gertrude,    O.S.U.,    1233    N.    Notre    Dame    Ave., 

South  Bend,  Ind.  C 

Hopp,  Dr.  William  B.,  Department  of  Biology,  Indiana  State 

Teachers  College,  Terre  Haute,  Ind.  Z 

Hume,  Prof.  James  D.,  1812  Ravinia  Rd.,  West  Lafayette,  Ind.  G 

Hunsucker,  Jerry  H.,  R.F.D.  2,  Box  328  AB,  Carmel,  Ind.  C 

Jones,  Dr.  J.  A.,  Department  of  Anthropology,  Indiana  University, 

Bloomington,  Ind.  A 

Jordan,  Wendell  V.,  Arab  Pest  Control  Co.,  2701  Winthrop  Ave., 

Indianapolis,  Ind.  E 


lAbbreviations  following   the  members'   listings  indicate  the  sections  of 
the  Academy  with  which  they  are  affiliated. 
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Judd,  Dr.  Gerard  F.,  624  O'Dell  St.,  Austin,  Texas  C 

Kirsch,  Arthur  David,  340  South  Grant  St.,  West  Lafayette,  Ind.  Ps 

Konetzka,  Walter  A.,  Department  of  Bacteriology,  Indiana  Uni- 
versity, Bloomington,  Ind.  Ba 
Kortright,  James  M.,  Purdue  University  Center,  Jefferson  at  Barr, 

Fort  Wayne,  Ind.  Ph 

LaFollette,  Robert,  2417  Kenwood  Ave.,  Fort  Wayne,  Ind.  C 

Lounsbury,  Prof.  Richard,  9  David  Ross  Rd.,  West  Lafayette,  Ind.  G 

Manthey,  John  A.,  2235  S.  Ransdell,  Apt.  7,  Indianapolis  25,  Ind.  Bo 

Martin,  Dr.  Dudley  C,  General  Chemical  Division,  511  East 

Paterson  St.,  Kalamazoo,  Mich.  E 

Melhorn,  Dr.  William  N.,  Department  of  Geology,  Purdue  University, 

Lafayette,  Ind.  G 

Miller,  Charles  A.,  Department  of  Biology,  Wabash  College, 

Crawfordsville,  Ind.  Z 

Millis,  Samuel  C,  408  South  Grant  Ave.,  Crawfordsville,  Ind.  Z 

Murphy,  Rev.  Michael  J.,  C.S.C.,  Department  of  Geology, 

University  of  Notre  Dame,  Notre  Dame,  Ind.  G 

Myers,  Robert  D.,  Psychology  Department,  Biology  Annex,  Purdue 

University,  West  Lafayette,  Ind.  Ps 

O'Brien,  Dennis  M.,  Box  126,  Department  of  Biology,  University 

of  Notre  Dame,  Notre  Dame,  Ind.  Z 

Paradiso,  S.  M.,  214  West  Lutz,  West  Lafayette,  Ind. 
Peacock,  Dr.  John,  36  Bullroyd  Crescent,  Girlington,  Bradford  8, 

York,  England  C 

Peters,  Lewis  E.,  Jr.,  Biology  Annex,  Purdue  University,  Lafayette, 

Ind.  Z 

Petras,  Michael,  Biology  Department,  University  of  Notre  Dame, 

Notre  Dame,  Ind.  Bo,  Z 

Quinn,  Sister  Mary  Lorita,  R.S.M.,  Box  126,  University  of  Notre 

Dame,  Notre  Dame,  Ind.  Z 

Roth,  Paul  L.,  1033  N.  Denison,  Manhattan,  Kas.  Bo,  A 

Schaap,  Dr.  Ward  B.,  Department  of  Chemistry,  Indiana 

University,  Bloomington,  Ind.  C 

Speroff,  B.  J.,  Industrial  Relations  Center,  The  University  of 

Chicago,  Chicago  37,  111.  Ps 

Stitt,  Loyd  L.,  321  West  Prairie  Ave.,  Wheaton,  111.  E 

Stone,  Robert  L.,  536  South  Washington,  Bloomington,  Ind.  Ba 

Traynelis,   Dr.   Vincent  J.,  Department  of   Chemistry,   University 

of  Notre  Dame,  Notre  Dame,  Ind.  C 

Tucker,  David  A.,  Apt.  1,  Building  3,  Ross-Ade  Dr.,  West  Lafayette, 

Ind.  Ps 

Van  Scoik,  William  S.,  1018  Maxine  Dr.,  Fort  Wayne  6,  Ind.  E 

Welter,  C.  Joseph,  916  E.  Colfax  Ave.,  South  Bend,  Ind.  Z 

Whiting,  Russell  William,  Arab  Pest  Control  Co.,  2701  Winthrop 

Ave.,  Indianapolis,  Ind.  E 

Wischnitzer,    Saul,   Department  of  Biology,   University   of   Notre 

Dame,  Notre  Dame,  Ind.  Z 
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OFFICERS  FOR  1955 

President:  Bob  Conway,  Science  Club,  Shortridge  High  School,  In- 
dianapolis. 

Vice  President:  Paul  Justus,  Phy-Chem  Club,  Elmhurst  High  School, 
Fort  Wayne. 

Secretary:  Luanne  Schneider,  Science  Club,  Howe  High  School,  In- 
dianapolis. 

Members  of  the  Council:  Arthur  L.  Smith,  South  Bend  (1951-1955); 
Charles  E.  Karst,  Mishawaka  (1952-1956);  Edith  Wallace,  Gary 
(1953-1957);  Jerry  Motley,  Indianapolis  (1954-1958);  Jack  Munsee, 
Bloomington  (1955-1959). 
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PROGRAM  OF  THE  TWENTY-THIRD  ANNUAL  MEETING 
October  15,  1955 

Auditorium,  Engineering  Building,  University  of  Notre  Dame,  Notre 
Dame,  Indiana. 

8:30-9:30  a.  m.  Registration  and  Placement  of  Exhibits,  Room  244, 
Nieuwland  Science  Hall. 

9:30-10:30  a.  m.  General  assembly  on  careers  in  mathematics  and  science 
by  faculty  representatives  of  the  University  of  Notre  Dame,  Audi- 
torium, Engineering  Administration  Building. 

10:30-12:00  a.  m.  Visits  to  campus  instructional  and  research  laboratories. 

12:00-1:00  p.  m.  Luncheon. 

1:00-2:00  p.  m.  Business  meeting  and  election  of  officers.  Auditorium, 
Engineering  Administration  Building. 

2:00-4:00  p.  m.  The  Assembly  Program,  Auditorium,  Engineering  Ad- 
ministration Building. 

Papers:  Bob  Conway,  presiding. 

1.  Wildlife  Refuges.  Bonnie  Flora,  National  Scientific  Honor  So- 
ciety, Bloomington  High  School,  Bloomington. 

2.  Mechanical  Model  of  Radar.  Alfred  and  Ronald  Welch,  Albertus 
Magnus  Science  Club,  Central  Catholic  High  School,  Fort 
Wayne. 

3.  Number  Systems.  Thomas  Kovats,  Albertus  Magnus  Science 
Club,  Central  Catholic  High  School,  Fort  Wayne. 

4.  Genetics  and  the  Breeding  of  Fruit  Flies  (illustrated).  Betty 
Jane  Gough,  Science  Club,  New  Castle  High  School,  New 
Castle. 

5.  Maryland  Miocene  Strata.  Roger  Cuffey,  Science  Club,  Uni- 
versity High  School,  Bloomington. 

6.  Corn  Novelties.  Suzanne  Sears,  Science  Club,  New  Castle  High 
School,  New  Castle. 

7.  Comparison  of  Bacterial  Counts  in  White  and  Chocolate  Milk. 
Robert  N.  Doyal,  Science  Club,  Howe  High  School,  Indianapolis. 

8.  Vertical  Distribution  of  Bird  Territories.  Lewis  Nading,  Nat- 
uralists' Club,  Shortridge  High  School,  Indianapolis. 

9.  Diffusion  Cloud  Chamber  Design  and  Operation.  Brett  Nord- 
gren,  Science  Club,  Central  Junior-Senior  High  School,  South 
Bend. 

10.  Induction    Heating.     Pete    Diamondis,     Science    Club,    Central 
Junior-Senior  High  School,  South  Bend. 

11.  Life  Zones  of  Indiana  Duneland.    Marvin  Frank,  Science  Club, 
Central  Junior-Senior  High  School,  South  Bend. 

12.  Vacation  Fun   With   Slides    (illustrated).    Helen   Karr,  Biology 
Club,  Tolleston  High  School,  Gary. 

13.  Let's  Save  Our  Woodlot.  Martha  Aire  and  Larry  Bess,  Biology 
Club,  Lew  Wallace  High  School,  Gary. 

14.  Radio-active  Phosphorus  and  Paramecium.  Carl  Bredenberg, 
Science  Club,  Shortridge  High  School,  Indianapolis. 

15.  Fossils.  Thomas  Wilbur,  David  Nixon,  and  William  Tersler, 
Science  Club,  Junior-Senior  High  School,  Richmond. 
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MINUTES 

The  twenty-third  annual  meeting  of  the  Indiana  Junior  Academy  of 
Science  was  held  Saturday,  October  15,  1955  in  the  auditorium  of  the 
Engineering  Administration  building,  University  of  Notre  Dame,  Notre 
Dame,  Indiana. 

A  large  collection  of  science  projects  and  exhibits  by  high  school 
students  was  displayed  in  Room  244,  Nieuwland  Science  Hall,  beginning 
at  8:00  a.  m. 

Outstanding  exhibits  included  a  mechanical  model  of  radar,  charts 
and  maps  of  a  bird  population  study,  varieties  of  corn  developed  through 
breeding  experiments,  a  model  of  a  modern  sewage  disposal  system,  and 
a  display  of  fossils  of  the  Richmond  area. 

A  general  assembly  on  careers  in  mathematics  and  science  was  held 
from  9:30-10:30  a.  m.  in  the  auditorium  of  the  Engineering  Administra- 
tion building.  Faculty  representatives  of  the  University  of  Notre  Dame 
spoke  to  the  students  about  opportunities  in  chemistry,  physics,  zoology, 
botany,  and  mathematics. 

Following  the  talks,  students  were  given  an  opportunity  to  visit  in- 
structional and  research  laboratories  of  Notre  Dame  from  11:30  until 
noon. 

The  annual  business  meeting  of  the  Junior  Academy  was  held  at 
1:00  p.  m.  with  President  Bob  Conway  presiding. 

The  following  officers  were  elected  for  the  year  1956:  President, 
Roger  Cuffey,  Science  Club,  University  High  School,  Bloomington;  Vice 
President,  Brett  Nordgren,  Science  Club,  Central  Junior-Senior  High 
School,  South  Bend;  Secretary,  Paula  Erpelding,  Albertus  Magnus 
Science  Club,  Central  Catholic  High  School,  Fort  Wayne. 

Mr.  Arthur  L.  Smith,  chairman  of  the  Junior  Academy  Council, 
announced  that  Robert  N.  Doyal,  Howe  High  School,  Indianapolis,  and 
Lewis  Nading,  Shortridge  High  School,  Indianapolis,  were  selected  as 
"best  boys"  in  science  for  1955.  The  winners  of  these  awards  are  chosen 
on  the  basis  of  information  submitted  each  year  by  sponsors  of  the 
Junior  Academy  clubs.  Each  of  the  students  is  given  a  year's  member- 
ship in  the  American  Association  for  the  Advancement  of  Science  and 
will  receive  its  monthly  publication  "The  Scientific  Monthly".  Pete 
Diamondis,  Central  Junior-Senior  High  School,  South  Bend,  was  given 
honorable  mention  for  his  achievement  in  science.  There  was  no  "best 
girl"  in  science  named  because  no  applications  were  submitted. 

Professor  R.  W.  Lefler,  Purdue  University,  chairman  of  the  Indiana 
Science  Talent  Search  Committee,  explained  the  procedure  for  entering 
the  national  and  state  Science  Talent  Searches.  He  also  called  attention 
to  the  eight  regional  science  fairs  scheduled  for  the  spring  of  1956  in 
the  following  locations:  Valparaiso  University;  Purdue  Center,  Fort 
Wayne;  Purdue  University;  Ball  State  Teachers  College;  Butler  Uni- 
versity; Indiana  State  Teachers  College;  Indiana  University;  and  Evans- 
ville  College.  Professor  Lefler  encouraged  students  to  develop  projects 
in  science  and  to  enter  them  in  the  regional  science  fairs. 

Professor  Howard  H.  Michaud,  State  Sponsor,  Purdue  University, 
reported    the    selection    of    Mr.    Ernest    Litweiler,    Junior    Walton    Club 
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Sponsor,  Adams  High  School,  South  Bend,  as  a  member  of  the  Junior 
Academy  Council.  Mr.  Litweiler  will  replace  Mr.  Arthur  L.  Smith, 
Central  Junior-Senior  High  School,  South  Bend,  whose  term  expired  in 
1955. 

Professor  Michaud  also  mentioned  the  excellent  progress  that  has 
been  made  by  the  Junior  Academy  during  the  past  year.  One  new  science 
club  of  the  Lincoln  School,  Highland,  Indiana,  was  added  to  the  Junior 
Academy  in  1955.    Mrs.  Catherine  Dale  is  sponsor  of  the  club. 

There  are  forty-five  science  clubs  enrolled  in  the  Junior  Academy 
and  it  is  hoped  that  each  will  continue  to  play  an  active  part  in  pro- 
moting interest  in  science  projects  in  1956. 

The  business  session  was  adjourned  at  2:00  p.  m. 

The  afternoon  session  of  papers  by  club  members  was  opened  at 
2:00  p.  m.  with  President  Bob  Conway  presiding.  A  total  of  thirteen 
papers  was  read  to  the  assembly.  Two  students  who  were  scheduled 
to  appear  were  unable  to  attend. 

The  Junior  Academy  will  hold  its  twenty-fourth  annual  meeting  at 
Indiana  University  in  the  fall  of  1956.  Plans  will  be  made  immediately 
to  provide  another  attractive  program.  High  school  science  clubs  and 
sponsors  are  urged  to  cooperate  and  participate  by  preparing  papers  and 
exhibits  for  the  annual  session. 
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Town 

1.  Attica 

2.  Bedford 

3.  Bloomington 

4.  Bloomington 

5.  Chesterton 

6.  Clayton 

7.  Crawfordsville 

8.  Edinburg 

9.  Elkhart 

10.  Fort  Wayne 

11.  Fort  Wayne 


12.  Fort  Wayne 

13.  Fort  Wayne 

14.  Gary 

15.  Gary 


Fall  1955 
School  and  Club 
H.  S.,  Sci-Math  (1949) 
H.  S.,  Science  (1951) 
H.  S.,  National  Scientific 

Honor  Society  (1931) 
University  H.  S.,  Jr.  Academy 

(1938) 
H.  S.,  Science  (1954) 
H.  S.,  Jr.  Academy  (1951) 
H.  S.,  Up-N-Atom  (1950) 
H.  S.,  The  Alchemists  (1954) 
H.  S.,  Jr.  Academy  (1940) 

Central  H.  S.,  Biology  (1940) 
Central  Catholic  H.  S., 

Albertus  Magnus  Science 

Club  (1952) 
Elmhurst  H.  S.,  Phy-Chem 

(1935) 
North  Side  H.  S.,  Nature 

(1936) 
Calumet  Twp.  H.  S.,  Science 

(1952) 
Edison  H.  S.,  Beaker  Breakers 

(1949) 


Spofisor 
J.  Claude  Daugherty 
Elmer  Wright 

Harold  A.  Stewart 

Jack  Munsee 
Robert  McCord 
Howard  C.  Lewis 
David  Wells 
S.  C.  Harrell 
Mrs.  Evelyn 

Wagoner  Miller 
Iva  Spangler 


Sr.  Mary  Agnita  S.P. 
Ruth  Wimmer 
Vesta  Thompson 


Mrs.  Martha  B. 
Connor 
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Town 

School  and  Club 

Sponsor 

16. 

Gary- 

Lew  Wallace  H.  S.,  Biology 

(1935) 

Lola  Lemon 

17. 

Gary 

Lew  Wallace  H.  S.,  Klub 

Mrs.  Helen 

Kern  (1941) 

McKenzie 

18. 

Gary- 

Tolleston  H.  S.,  Biology 

(1952) 

Edith  Wallace 

19. 

Gary 

Tolleston  H.  S.,  Future 
Scientists  of  America 

(1949) 

Arthur  Kline 

20. 

Gary 

Wirt  H.  S.,  Biology  (1945) 

Mrs.  Frances 
Huddleston 

21. 

Gas  City 

Mississinewa  Joint  H.  S., 

Science  (1936) 

Roy  McKee 

22. 

Griffith 

H.  S.,  Science  (1953) 

George  M.  Bunce 

23. 

Hamlet 

H.  S.,  Science  (1954) 

Lawrence  Cushman 

24. 

Hammond 

Morton  Jr.  H.  S.,  Science 

(1949) 

Nancy  Lou  Ritter 

25. 

Highland 

Lincoln  School,  Science 

(1955) 

Mrs.  Catherine  Dale 

20. 

Hobart 

H.  S.,  Science  (1952) 

Lola  Stewart 

27. 

Indianapolis 

Shortridge  H.  S.,  Naturalists' 

Club  (1947) 

Max  Forsyth 

28. 

Indianapolis 

Shortridge  H.  S.,  Science 

Mrs.  Henrietta  A. 

(1931) 

Parker 

29. 

Indianapolis 

Technical  H.  S.,  Nature  (1932) 

Howard  L.  Cook 

30. 

Indianapolis 

Howe  H.  S.,  Science  (1949) 

Jerry  Motley 

31. 

Indianapolis 

Washington  H.  S.,  Science 

(1931) 

Estil  Van  Dorn 

32. 

Lebanon 

H.  S.,  Jr.  Explorers  of 

Science  (1953) 

Helen  E.  Reed 

33. 

Marion 

Martin  Boots  Jr.  H.  S., 

Biology  (1953) 

John  Clevenger 

34. 

Mishawaka 

H.  S.,  Science  (1936) 

Darl  F.  Wood 

35. 

New  Albany 

H.  S.,  Science  (1935) 

L.  S.  Rose 

30. 

New  Castle 

H.  S.,  Science  (1947) 

Mary  Rankin 

37. 

New  Haven 

H.  S.,  Phi-Chi  (1954) 

Keith  Hunnings 

38. 

Richmond 

H.  S.,  Science  (1950) 

Kathryn  Coulter 

39. 

Rossville 

H.  S.,  Science  (1954) 

Martin  Silverthorn 

40. 

Sandborn 

H.  S.,  Up  and  Atom  (1954) 

Paul  D.  Carter 

41. 

South  Bend 

Central  H.  S.,  Jr.  Izaak 

Walton  (1939) 

Arthur  L.  Smith 

42. 

South  Bend 

John  Adams  H.  S.,  Adams 

Walton  (1953) 

Ernest  Litweiler 

43. 

Sullivan 

II.  S.,  Camera  (1939) 

Ruth  Hinkle 

44. 

Terre  Haute 

State  H.  S.,  Senior  Science 

(1939) 

Russell  McDougal 

45. 

Valparaiso 

H.  S.,  Science  (1931) 

Gerald  Doeden 

NECROLOGY 

O.  B.  Christy,  Muncie 


William  Ray  Allen 
Ossian,  Indiana  Lexington,  Kentucky 

March  8,  1885  April  7,  1955 

For  an  individual  to  retain  his  membership  in  the  Indiana  Academy 
of  Science  for  forty  years  and  to  have  lived  practically  the  entire  time 
out  of  state  is  quite  unusual,  yet  that  is  what  Dr.  William  Ray  Allen  has 
done.  He  became  a  member  while  a  student  at  Indiana  University  and 
was  an  active  member  during  the  few  following  years  while  he  remained 
in  the  state. 

Dr.  Allen  was  professor  of  zoology  and  curator  of  the  Teaching 
Museum  at  the  University  of  Kentucky  at  the  time  of  his  death,  April 
7,  1955.  He  was  born  at  Ossian,  Indiana,  March  8,  1885.  He  attended  the 
Ossian  elementary  school  and  graduated  from  the  Decatur  High  School. 
After  spending  some  time  in  newspaper  and  advertising  work  he  at- 
tended Indiana  University  for  one  year,  then  served  as  principal  of  the 
Hartford  City  School.  He  received  his  A.B.  and  M.S.  degrees  at  Indiana 
University  and  in  1920  was  granted  a  doctorate. 

Dr.  Allen  served  as  an  instructor  in  zoology  at  Kansas  State  College 
for  two  years;  assistant  in  biology  at  Cornell  University;  Fellow  and 
instructor  at  Indiana  University  for  two  years.  As  Traveling  Fellow  at 
the  University  of  Illinois,  he  participated  in  the  Irwin  Expedition  to 
Peru,  Bolivia  and  Chile.  This  was  under  the  leadership  of  Dr.  Carl 
Eigenmann.  The  purpose  of  the  study  was  to  report  on  the  fishes  in  the 
waters  of  these  countries.  The  year  following  the  Irwin  Expedition,  Dr. 
Allen  conducted  the  Indiana  University  Centennial  Expedition  to  Peru 
to  continue  the  study  on  fish. 

After  spending  one  year  as  assistant  professor  of  zoology  at  Mu- 
nicipal University,  Akron,  Ohio,  he  was  elected  to  assistant  professor 
of  zoology  at  the  University  of  Kentucky.  He  was  promoted  to  associate 
professor  and  later  to  professor.  Under  this  title  he  served  until  his 
death. 

Dr.  Allen  was  primarily  a  teacher.  He  enjoyed  his  work  and  always 
made  careful  preparation  before  meeting  his  classes.  However,  his 
contributions  to  scientific  literature  is  worthy  of  note.  He  was  co-author 
with  Dr.  Eigenmann  of  FISHES  OF  WESTERN  SOUTH  AMERICA. 
He  published  Laboratory  Guide  to  Zoology  and  Nature  Sketch  Book 
besides  a  number  of  scientific  articles  in  various  journals  and  pro- 
ceedings. 

While  carrying  a  full  professorial  load,  Dr.  Allen  found  time  to  take 
an  active  part  in  numerous  organizations.  He  was  a  charter  member  of 
Alpha,  Phi  Beta  Kappa  Chapter  of  Kentucky  and  served  as  its  secretary 
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for  ten  years,  then  president  from  1939-1940.  He  was  one  of  the  most 
faithful  members  of  the  Kentucky  Academy  of  Science  and  served  as  its 
president  in  1939-1940.  He  was  treasurer,  vice  president,  and  president 
of  the  Kentucky  Chapter  of  Sigma  Xi.  He  was  a  member  of  A.A.A.S.; 
American  Society  of  Zoologists;  American  Ecological  Society;  American 
Society  of  Ichthyologists  and  Herpetologists;  American  Fishery  Society, 
and  American  Society  of  Limnologists. 

It  is  reported  that  Dr.  Allen  never  lost  interest-  in  the  Indiana 
Academy  of  Science  and  often  regretted  that  duties  at  the  University 
of  Kentucky  prevented  his  attendance  at  meetings. 

Dr.  Allen  had  a  deep  interest  in  photography  and  was  an  active 
member  of  the  Lexington  Camera  Club  until  his  impaired  health  forced 
him  to  give  up  active  participation  in  the  group. 

To  Kentucky,  William  Ray  Allen  has  made  a  distinct  contribution 
through  his  professional  leadership  and  excellent  teaching.  To  Indiana, 
he  has  brought  distinction  as  a  native  son  and  we  are  proud  to  claim 
him  as  one  of  our  beloved  members  of  the  Academy. 

Joseph  Lewis  Hyatt 
Benham,  Indiana  Onida,  South  Dakota 

June  18,  1888  June  23,  1955 

Joseph  Lewis  Hyatt  was  born  on  a  farm  near  Benham  in  Ripley 
County,  Indiana  on  June  18,  1888.  He  attended  the  rural  school  of  his 
community,  but  after  finishing  the  eighth  grade  he  found  himself,  like 
many  young  people  of  his  generation,  too  far  removed  from  a  high  school 
for  farther  education.  However,  Moores  Hill  Seminary  and  College  was 
located  in  an  adjoining  county.  This  seemed  to  afford  the  best  oppor- 
tunity for  young  Joe  to  continue  his  education. 

After  attending  this  academy  for  one  term,  he  entered  the  mail 
service  and  delivered  mail  over  a  rural  route  for  six  years.  He  then  re- 
turned to  Moores  Hill  Seminary  and  completed  his  high  school  work 
and  two  years  of  college  work  before  enlisting  in  the  army  for  service 
in  the  First  World  War.  He  was  sent  to  an  officers  training  school  where 
he  received  his  commission  in  the  field  artillery. 

After  being  discharged  from  service  in  1919,  Mr.  Hyatt  attended 
Illinois  State  Normal  University  and  received  a  bachelor's  degree  in  1921. 
He  next  went  to  Illinois  University  as  a  student  assistant  in  zoology 
where  he  received  his  master's  degree  in  1923.  Later  he  went  to  Indiana 
University  and  spent  several  summers  as  a  student  in  his  chosen  field, 
zoology. 

In  1923  Mr.  Hyatt  was  invited  to  be  an  instructor  in  biology  at  New 
York  University.  This  position  was  held  for  two  years  before  going  to 
Lincoln  Institute  of  Kentucky  as  head  of  the  biology  department.  After 
three  years  at  this  institution,  he  returned  to  Indiana  to  become  head  of 
the  biology  department  at  Hanover  College.  He  remained  head  of  this 
department  until  it  was  divided  into  botany  and  zoology.  He  then  became 
head  of  the  zoology  department  and  remained  in  this  position  until  his 
retirement  in  1953. 
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"Uncle  Joe,"  as  he  was  affectionately  known  by  the  students  and  his 
colleagues  at  Hanover  College,  was  considered  a  good  teacher  and  in- 
spired many  students  to  continue  into  graduate  work  in  zoology.  He 
especially  enjoyed  field  work  and  was  always  happy  in  conducting  field 
trips  or  hiking  over  the  hills  around  Hanover.  He  was  a  good  pho- 
tographer and  took  hundreds  of  outdoor  pictures  of  plants  and  animals. 
These  were  often  presented  to  clubs  and  meetings  of  various  kinds. 

A  few  months  before  his  death,  Professor  Hyatt  and  Mrs.  Hyatt 
moved  from  Hanover  to  Onida,  South  Dakota,  where  their  daughter 
lived.  He  died  from  a  heart  attack  while  fishing  near  his  home.  His  body 
was  returned  to  his  native  community  of  Benham  for  funeral  service  and 
burial. 

After  returning  to  his  native  state,  Professor  Hyatt  was  a  regular 
attendant  at  the  meetings  of  the  Indiana  Academy  and  was  elected  a 
Fellow  in  1953. 

William  A.  Myers 
Hamilton  County,  Indiana  Indianapolis,  Indiana 
,  1869  February  20,  1955 

William  A.  Myers,  a  native  Hoosier,  was  born  near  Fortville,  Indiana, 
in  1869  and  died  in  Indianapolis,  Indiana,  February  20,  1955.  He  received 
his  early  education  in  the  public  schools  of  his  native  county.  As  a  young 
man  he  was  attracted  to  the  profession  of  teaching  and  spent  several 
years  teaching  in  his  home  community  of  Hamilton  County.  He  entered 
Indiana  University  in  March,  1892  and  received  his  B.A.  degree  in  1896 
and  an  M.A.  degree  in  1899  with  majors  in  history. 

Mr.  Myers  served  as  superintendent  of  schools  at  Fortville,  Hartford 
City,  and  Bloomington.  After  serving  as  teacher  and  administrator  in 
various  school  systems  in  Indiana,  he  established  a  teachers  agency  in 
Indianapolis.  In  this  capacity  he  was  able  to  further  serve  his  profession 
by  placing  many  teachers  in  positions  through  his  wide  acquaintance  with 
school  officials  throughout  the  state. 

One  of  the  outstanding  characteristics  of  Mr.  Myers  was  his  kindly 
interest  in  any  movement  which  was  for  the  good  and  general  welfare 
of  the  community. 

He  was  a  member  of  the  Indiana  Historical  Society.  For  many 
years  he  maintained  an  active  interest  in  the  Indiana  Nature  Study  So- 
ciety and  was  its  president  during  the  years  1931  and  1932.  He  early 
became  a  member  of  the  Indiana  Audubon  Society  and  served  as  its 
trustee  and  necrologist.  Mr.  Myers  contributed  much  of  his  time  and 
energy  to  the  Indianapolis  Welfare  Department  and  for  many  years  was 
a  truthworthy  servant  in  the  Central  Avenue  Methodist  Church  of  Indi- 
anapolis where  he  conducted  a  Sunday  School  class  until  a  few  weeks 
before  his  death. 

He  was  a  fifty  year  member  of  Mystic  Tie  Masonic  Lodge  and  be- 
longed to  the  Scottish  Rite. 

Few  have  had  a  keener  appreciation  of  the  beauties  and  wonders  of 
nature.  To  him  these  were  the  handiwork  of  the  Creator.  During  his 
long  and  busy  life  he  was  always  able  to  find  time  to  go  to  the  woods 
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and  fields  where  he  was  able  to  identify  many  of  the  flowers,  birds, 
shrubs,  and  trees. 

As  trustee  of  the  endowment  fund  of  the  State  Audubon  Society, 
Mr.  Myers  was  much  interested  in  the  development  of  the  Mary  Gray 
Bird  Sanctuary  near  Connersville.  His  help  and  advice  was  always  ap- 
preciated by  its  official  board  and  the  director.  He  gave  a  considerable 
sum  from  his  meager  wealth  to  build  a  pond  in  the  Sanctuary  which 
was  dedicated  and  named  the  "Nora  Raymer  Myers  Pond"  in  honor 
of  his  beloved  wife. 

It  has  been  a  privilege  for  me,  who  has  known  Mr.  Myers  for  a 
third  of  a  century,  to  testify  to  his  splendid  character  as  an  educator, 
naturalist,  and  a  fine  Christian  gentleman. 

John  E.  Potzger 
Presque  Isle,  Michigan  Indianapolis,  Indiana 

July  31,  1886  September  18,  1955 

With  the  sudden  and  untimely  death  of  John  E.  Potzger  on  Sep- 
tember 18,  Indiana  has  lost  one  of  its  good  scientists  and  Butler  Uni- 
versity has  lost  an  inspiring  and  beloved  teacher. 

Dr.  Potzger  was  born  in  Presque  Isle  County,  Michigan,  on  July 
31,  1886.  He  was  one  of  five  children  of  a  Lutheran  minister,  the  Rev. 
Bruno  Potzger,  and  his  wife  Augusta.  The  childhood  associations  and 
early  training  in  that  small  German-American  community,  the  free 
outdoor  life  in  what  was  then  a  beautiful  wilderness  region,  left  an 
indelible  impress  on  his  thoughts  and  attitudes.  After  a  course  of  train- 
ing in  the  Teachers  Seminary  at  Addison,  Illinois,  he  taught  for  more 
than  twenty  years  in  the  Emmaus  Lutheran  School  in  Indianapolis  and 
was  an  active  leader  of  the  young  people's  organization  of  the  church. 
During  this  time  he  also  studied  music  and  gave  piano  lessons  in  his 
own  studio.  Two  summers  of  piano  and  organ  study  were  spent  at  the 
Ithaca  Conservatory  of  Music.  In  later  years  after  entering  the  field  of 
science,  he  still  played  occasionally  for  groups  of  friends  and  students. 

Further  academic  study,  much  of  it  in  evening  classes,  awakened 
an  interest  in  botany,  and  led  to  the  bachelor's  and  master's  degrees 
from  Butler  University  and  eventually  to  the  doctorate  conferred  by 
Indiana  University  in  1932.  Additional  graduate  work  was  taken  at  the 
University  of  Michigan  Biological  Station  at  Douglas  Lake,  and  at  Ohio 
State  University.  Dr.  Potzger  returned  to  Butler  as  an  instructor  in 
botany,  he  was  promoted  to  associate  professor  in  1939,  and  to  pro- 
fessorship in  1948.  Upon  the  death  of  Dr.  Ray  Friesner  in  1952  Dr. 
Potzger  was  elected  head  of  the  Botany  Department  and  served  in  this 
position  until  his  death. 

It  was  under  the  untiring  influence  and  work  of  these  two  great 
scientists  that  Butler  University  enjoyed  a  wide  recognition  among  the 
institutions  of  higher  learning  for  its  leadership  in  the  field  of  botany. 
Publications  in  scientific  and  educational  journals  were  frequent  and 
both  men  became  known  for  their  scientific  research  as  well  for  being 
excellent  teachers  and  leaders. 
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Summer  vacations  were  utilized  by  Dr.  Potzger  for  investigations  in 
taxonomy — especially  of  the  grasses — forest  sociology,  and  ecology,  with 
a  special  interest  in  microclimate.  In  1940  he  was  field  biologist  at  the 
University  of  Wisconsin  Biological  Station  at  Trout  Lake.  Taxonomic 
studies  of  mosses  were  made  at  the  Grout  laboratory  in  Vermont.  A 
study  of  the  vegetation  of  Mackinac  Island  included  a  plant  collection 
which  was  on  display  for  a  period  of  years  at  Old  Fort  Mackinac.  A  four- 
day  field  trip  to  Mackinac,  with  overnight  stops  in  the  dunes  area  and 
at  the  University  of  Michigan  Biological  Station  at  Douglas  Lake,  be- 
came a  regular  feature  of  Dr.  Potzger's  ecology  course  at  Butler  Uni- 
versity, never  to  be  forgotten  by  students  who  participated.  With  Dr. 
Ira  T.  Wilson  he  made  studies  of  sediments  obtained  by  line  transect 
borings  in  a  number  of  Indiana,  Michigan  and  Minnesota  lakes  and  in 
Sandusky  Bay.  For  several  successive  summers  he  was  ecology  lecturer 
at  the  Purdue  University  Conservation  Camp  held  in  Versailles  State 
Park.  Field  data  obtained  under  his  direction  by  these  conservation 
students,  many  of  them  teachers  in  Indiana  schools,  were  utilized  for 
publication  in  the  Butler  Botanical  Studies. 

In  1947  Dr.  Potzger  was  married  to  Dr.  Margaret  Esther  Whitney, 
a  graduate  in  Zoology  of  the  University  of  Michigan.  She  collaborated 
with  him  in  a  number  of  research  and  other  educational  publications. 

As  a  contribution  to  the  elementary  teaching  field,  in  which  he 
always  retained  a  sympathetic  interest,  Dr.  Potzger  prepared  a  series  of 
text-activity  books  on  trees,  birds  (with  Mrs.  R.  C.  Friesner  as  co-author) 
and  insects  (with  Mrs.  Potzger  as  co-author). 

One  phase  of  forest  study  in  which  Dr.  Potzger  became  keenly 
interested  was  that  based  on  the  early  land  surveys.  In  collaboration  with 
Mrs.  Potzger  and  a  number  of  Butler  botany  majors  and  graduate 
students,  he  assembled  data  from  the  original  Indiana  survey  in  the 
early  1800's,  showing  the  associations  of  tree  species  in  the  primeval 
forest  as  it  existed  in  Indiana.  A  number  of  papers  using  portions  of 
this  data  were  published  in  the  Butler  Botanical  Studies. 

International  recognition  was  accorded  Dr.  Potzger  for  his  work  in 
paleobotany.  For  22  years  he  studied  the  postglacial  period  by  making 
careful  borings  into  bogs  and  swamps  of  eastern  North  America  with 
intense  work  in  the  Middle  West  while  extending  his  research  in  the 
United  States  from  Texas  on  the  south,  eastward  to  southern  Maine  and 
New  Jersey,  and  northward  to  the  Keweenaw  Peninsula  and  Isle  Royale. 
This  study  led  him  to  the  conclusion  that  Canadian  spruce  once  covered 
this  area.  It  was  through  the  study  of  the  preserved  pollen  grains 
obtained  from  these  borings  that  he  was  able  to  establish  definite  tree 
successions  as  well  as  changes  in  climate  since  the  retreat  of  the  con- 
tinental ice  sheet.  A  number  of  research  grants  in  support  of  these 
studies  were  received  from  the  Indiana  Academy  of  Science  and  from  the 
American  Philosophical  Society. 

In  1949  Dr.  Potzger  was  given  the  J.  I.  Holcomb  award  for  making 
the  greatest  educational  contribution  to  Butler  University  during  that 
year.  The  same  year  he  was  requested  by  the  President's  Committee  on 
the  Quetico-Superior  Forest  to  make  a  study  of  that  region  in  connection 
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with  the  Committee's  project  of  creating  there  an  international  wilder- 
ness park.  Dr.  Potzger  published  the  results  of  the  study  in  the  Journal 
of  Forestry  and  also  prepared  a  special  bulletin  in  semipopular  style — 
Bogs  of  the  Quetico-Superior  Region  Tell  Its  Forest  History — which  was 
published  and  widely  distributed  by  the  President's  Committee. 

In  1952  Dr.  Potzger  was  invited  by  Mr.  Albert  Courtemanche,  director 
of  the  Service  de  Biogeographie  of  the  University  of  Montreal,  to  come  to 
Quebec  as  the  guest  of  the  University  and  the  provincial  government  to 
direct  pollen  research  at  the  Biological  Station  in  Mont  Tremblant  Park, 
and  make  analyses  of  bogs  in  that  part  of  the  Laurentian  Shield.  This 
invitation  was  accepted  and  each  successive  summer  since  then  Dr. 
Potzger  returned  to  continue  these  studies.  He  was  most  enthusiastic 
about  the  royal  reception  given  him  and  the  liberal  help  furnished  such 
as  pontoon-equipped  plane  transportation  and  other  conveniences  which 
greatly  facilitated  his  work  and  made  it  possible  to  extend  the  studies 
northward  to  the  Hudson  Bay  region.  In  discussing  the  work  with  me 
last  year  he  seemed  very  anxious  to  complete  the  study  as  rapidly  as 
possible  and  it  was  for  this  reason  that  he  declined  an  invitation  to 
serve  as  chairman  of  an  important  committee  in  the  Academy. 

While  still  carrying  on  the  Quebec  work,  Dr.  Potzger  also  engaged  in 
a  joint  study  with  Dr.  James  Zumberge  of  the  Department  of  Geology 
of  the  University  of  Michigan  on  an  unusual  deposit  near  South  Haven, 
Michigan,  exposed  by  the  recent  high  water  stage  of  the  Great  Lakes. 
Here  32  inches  of  compressed  peat,  with  pollen  content  representing  the 
entire  post-glacial  forest  history,  afforded  a  unique  opportunity  of 
correlating  geological  aspects  with  vegetational  and  climatic  history  as 
indicated  from  pollen  analysis. 

In  connection  with  both  the  Canadian  and  the  South  Haven  studies, 
as  well  as  a  Lake  Cicott,  Indiana,  study  with  Dr.  Edward  S.  Deevey  of 
Yale,  Dr.  Potzger  and  his  collaborators  were  able  to  secure  a  number  of 
radiocarbon  datings  which  showed  interesting  correlations  with  his  own 
time  estimates  based  on  pollen  profiles. 

Dr.  Potzger  became  a  member  of  the  Indiana  Academy  in  1926  and 
was  elected  a  fellow  in  1932.  He  held  chairmanships  in  both  the  botany 
and  taxonomy  sections.  He  was  author  and  co-author  of  over  thirty 
articles  in  the  Proceedings,  and  presented  many  papers  in  such  scientific 
journals  as  Ecology,  Ohio  Journal  of  Science,  American  Midland  Nat- 
uralist, besides  a  wealth  of  material  contributed  to  the  Butler  University 
Botanical  Studies.  A  part  of  his  Quebec  studies  have  appeared  in  the 
Canadian  Journal  of  Botany. 

He  was  a  member  of  the  American  Association  for  the  Advancement 
of  Science  and  of  the  Wisconsin  Academy  of  Science.  He  edited  the  School 
Science  and  Mathematics  Journal  in  1940,  also  the  Yearbook  of  the 
Central  Association  of  Science  and  Mathematics  Teachers  from  1940  to 
1945.  He  was  elected  vice-president  of  this  organization  in  1947  and 
honored  with  the  presidency  in  1948.  He  was  an  active  member  of  the 
Ecological  Society  of  America  and  in  September,  1955  completed  his 
term  as  president  of  that  organization.  He  delivered  his  presidential 
address  on  "Pollen  profiles  as  records  of  lake  filling  and  bog  formation" 
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at  the  annual  dinner  meeting  of  the  society  held  during  the  sessions 
of  the  American  Institute  of  Biological  Sciences  at  Michigan  State 
College. 

All  who  knew  Dr.  Potzger  admired  him  for  his  boundless  enthusiasm, 
his  appealing  good  nature  and  his  lofty  ideals  of  good  citizenship.  He 
has  added  much  to  the  store  of  human  knowledge.  The  world  is  much 
better  and  wiser  for  his  having  lived.  We  shall  miss  him  greatly,  for 
truly  he  was  a  representative  of  the  highest  rank  of  science  as  well  as 
good  citizenship  at  its  best. 

Rolla  Roy  Ramsey 
Morning  Sun,  Ohio  Bloomington,  Indiana 

April  11,  1872  June  11,  1955 

Rolla  Roy  Ramsey,  an  electronic  pioneer  and  retired  professor  of 
physics  at  Indiana  University,  died  in  his  Bloomington  home  on  June  11, 
at  the  age  of  83. 


He  was  born  of  Scotch-Irish  ancestry  at  Morning  Sun,  Ohio,  April  11, 
1872.  While  attending  Oxford  High  School  he  enrolled  for  a  course  in 
physics.  From  the  inspiration  gained  in  this  course  and  an  inspiring 
teacher,  and  through  the  study  of  "Steele's  Fourteen  Weeks  in  Physics" 
he  began  a  career  in  science  which  lasted  throughout  his  life.  After 
graduating  from  Oxford  High  School  he  attended  Miami  University 
for  two  years,  then  transferred  to  Indiana  University  where  he  received 
his  bachelor  and  master  degrees.  Later  he  went  to  Cornell  University  and 
was  granted  his  doctorate  in  1901.  These  degrees  were  received  with 
honor  and  distinction. 

Before  joining  the  faculty  at  Indiana  University  in  1903,  Dr.  Ramsey 
taught  in  the  Decatur  High  School,  Westminster  College  and  Missouri 
University.  He  was  a  great  teacher  who  was  patient  but  exacting  and 
inspiring.  Recently  a  former  student  said  to  him,  "Dr.  Ramsey,  you 
never  got  mad  at  us  if  we  couldn't  understand."  Another  wrote  him  to 
say  that,  aside  from  what  he  learned  from  lectures,  he  got  something 
that  would  always  help  him  over  hard  places.  These  were  great  compli- 
ments and  well  deserved.  He  was  always  interested  in  any  accomplish- 
ments of  his  former  students  and  was  especially  proud  of  Herbert  Hazel, 
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who  settled  the  long  standing  scientific  Helmholtz-Koenig  controversy 
by  showing  that  "both  sides  were  right,  experimentally,  and  that  both 
sides  were  wrong,  in  that  they  did  not  recognize  that  there  is  an  under- 
lying fundamental  principle  of  wave  motion  in  the  experiments." 

It  has  been  said  that  if  students  needed  a  course,  not  listed  in  the 
catalog,  in  order  to  bring  them  up-to-date  he  would  offer  it  and  say, 
"You  may  not  get  any  University  credit  but  we  will  work  it  out  together." 

Dr.  Ramsey  was  especially  proud  of  any  outstanding  athlete  who 
took  a  hard  course  in  physics  and  succeeded.  He  was  also  interested  in 
the  farm  boys — he  was  one  himself.  He  observed  they  were  not  afraid  to 
work. 

During  the  long  service  which  Dr.  Ramsey  gave  to  Indiana  Uni- 
versity he  was  closely  associated  with  three  other  noted  physicists.  Dr. 
A.  L.  Foley,  Dr.  J.  B.  Dutcher  and  Dr.  Mason  E.  Hufford.  These  men 
were  recognized  as  scholars  in  their  field  and  did  much  to  promote 
interest  and  research  in  modern  physics.  Their  influence  attracted  capable 
students  to  their  department  and  many  of  them  have  made  exceptional 
advancement  in  both  teaching  and  experimental  work. 

During  the  early  development  of  the  radio  Dr.  Ramsey  was  con- 
sidered an  authority  in  this  field  and  did  considerable  research  and 
pioneering  work  He  was  the  author  of  two  books,  Experimental  Radio 
and  Fundamentals  of  Radio.  Long  before  most  of  us  ever  heard  of 
television  he  predicted  its  development  and  then  lived  to  witness  its 
reality  and  to  enjoy  its  benefits. 

He  was  the  inventor  of  the  model  of  the  atom  which  has  since 
become  standard  equipment  in  the  teaching  of  chemistry  and  physics 
and  is  still  manufactured  by  the  Welch  Manufacturing  Company  of 
Chicago. 

Dr.  Ramsey  was  always  interested  in  sports  and  was  honored  by  the 
"I"  Men's  Association  in  '47.  He  attended  football  games  regularly  until 
bad  weather  and  his  failing  health  kept  him  away. 

As  an  undergraduate  student  he  played  center  on  the  Miami  and 
Indiana  University  football  teams.  His  strong  physique  and  strong 
determination  no  doubt  made  him  a  valuable  member  to  serve  as  the 
"point  man"  in  the  famous  flying  wedge,  before  this  formation  was 
outlawed  as  being  too  rough. 

During  his  recent  illness,  while  discussing  the  present  method  of  play- 
ing football,  Dr.  Ramsey  lamented  the  fact  that  there  was  little  chance 
for  a  college  boy  these  days  to  play  football  just  for  the  fun  of  it.  Too 
much  emphasis,  thought  he,  is  placed  upon  the  winning  team.  He  thought 
little  of  commercialized,  subsidized  athletics. 

It  was  during  the  late  stage  of  World  War  II  that  the  government 
decided  to  train  men  in  the  fundamentals  and  use  of  radio.  The  plan 
was  for  the  army  to  carry  on  this  undertaking  at  College  Park,  Maryland. 
Here  there  was  practically  no  equipment  and  insufficient  trained  per- 
sonnel. Dr.  Ramsey  visited  the  training  center  at  College  Park  and 
observed  the  inadequate  conditions  under  which  the  training  was  being 
done  and  immediately  recommended  that  the  responsibility  for  this  train- 
ing be  given  to  the  universities.    This  recommendation  was  accepted  and 
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shortly  three  hundred  students  were  in  training  on  the  I.  U.  campus. 
Others  would  have  been  forthcoming-  had  not  the  November  11th  Armis- 
tice ended  the  program. 

During  World  War  II,  Dr.  Ramsey  was  called  from  retirement  and 
performed  a  patriotic  service  in  teaching  physics  for  the  Navy  in  the 
V-12  program. 

Dr.  Ramsey  was  truly  a  great  American  and  believed  in  its  funda- 
mental principles  of  government.  However,  he  was  concerned  deeply 
about  its  future  and  the  welfare  of  the  world.  He  had  no  Social  Security 
number  and  did  not  believe  in  the  possibility  of  true  security  under 
"cradle  to  the  grave"  paternalism  in  government. 

Dr.  Ramsey  was  an  unusually  modest  individual  and  coveted  no 
honors  but  many  were  bestowed  upon  him.  He  was  a  fellow  in  the 
American  Advancement  of  Science,  the  American  Physics  Society  and 
the  Indiana  Academy  of  Science.  He  was  a  member  of  the  Institute 
of  Radio  Engineering  and  a  former  radioactivity  specialist  with  the 
United  States  Bureau  of  Standards.  He  is  listed  in  American  Men  of 
Science  and  in  Who's  Who  1925.  In  1930  he  was  elected  president  of 
the  Indiana  Academy  of  Science  and  served  with  distinction.  The  Pro- 
ceedings of  the  Academy  contain  over  forty  of  his  titles  besides  other 
scientific  journals  contained  articles  from  his  studies  and  research.  One 
of  his  last  contributions  was  a  well  prepared  history  of  the  early  physics 
in  Indiana.  This  covered  the  period  prior  to  1900  and  was  published  in 
Vol.  58.  This  article  combined  with  his  presidential  address,  "Physics, 
Past  and  Present,"  published  in  Vol.  40,  constitutes  an  excellent  record  in 
the  growth  and  development  of  his  chosen  field  of  science. 

Dr.  Ramsey  was  a  Phi  Beta  Kappa  and  a  member  of  Sigma  Xi 
honorary  fraternities.  He  was  a  member  of  the  Bloomington  Kiwanis 
Club  and  an  elder  in  the  Bloomington  United  Presbyterian  Church  where 
he  was  always  a  deeply  religious  and  a  conscientious  worker. 

Survivors  include  the  widow,  Mrs.  Clara  Ethel  Smith  Ramsey,  a  son, 
Dr.  Hugh  S.  Ramsey  of  Bloomington,  one  sister  and  one  brother. 

In  Dr.  Rolla  Roy  Ramsey,  the  Academy  has  lost  one  of  its  good 
scientists  and  the  church  its  devout  Christian  gentleman.  We  are  highly 
honored  for  his  splendid  record  and  his  inspiration  to  his  fellow  man. 
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SOCIETAL  RESPONSIBILITIES  OF  ACADEMIES 
OF  SCIENCE  AT  MID-CENTURY 

Alfred  H.  Meyer,  Valparaiso  University 

One  of  the  rewards  of  membership  in  a  type  of  society  like  ours  is 
the  speculative  interest  in  the  comparative  objectives  and  achievements 
of  the  richly  diversified  programs  of  the  various  academies  of  science 
in  the  United  States.  It  is  not  intended  here,  however,  to  inventory, 
form  or  functionwise,  the  work  of  each  academy,  nor  to  appraise  score- 
board fashion  the  comparative  scope  and  efficiency  of  organization  and 
operation  of  these  academies.  Neither  do  we  propose  to  suggest  what 
may  constitute  a  model  society,  one  which  may  best  serve  not  only  its 
own  interests  but  those  of  our  educational  institutions,  industry,  and 
society  as  well.  It  is  our  object  rather  collectively  to  explore  elements  of 
strength  and  weakness  in  the  general  pattern  of  such  programs  with 
particular  reference  to  the  extent  and  manner  in  which  the  contributions 
of  the  societies  to  science  are  functionally  integrated  into  human  affairs 
concerned  with  the  total  economic,  social,  and  spiritual  well-being  of 
man. 

Relevant  to  the  subject  to  which  we  would  address  ourselves  are 
such  questions  as: 

1.  Should  the  activities  of  the  scientist  in  part  deal  with  human 
values,  with  the  nature  of  man  and  his  destiny  ? 

2.  To  what  extent  do  science  programs  attempt  to  relate  the  findings 
of  one  branch  of  science  to  another,  of  the  natural  sciences  to  the  social 
sciences,  and  of  the  sciences  to  the  humanities  and  religion? 

3.  In  what  way  is  the  work  of  the  academy  oriented  towards  the 
social,  economic,  and  political  problems  of  our  atomic  age? 

4.  And  finally,  how  are  the  above  questions  related  to  the  problems 
of  most  of  the  academies  in  getting  adequate  publicity  and  funds  for 
properly  supporting  the  objectives  of  the  academy  and  its  publications 
which,  according  to  our  questionnaire  data,  are  very  prevalent  and  chronic 
issues. 

These  are  some  of  the  questions  we  wish  to  explore  on  the  basis  of 
relevant  literature  and  a  questionnaire  submitted  by  the  speaker  to 
science  academy  secretaries. 

Nature  of  Academies  of  Science 

There  are  some  two-score  state  and  regional  academies  of  science  in 
this  country,  ranging  in  membership  from  somewhat  over  100  to  1400. 
Great  diversity  exists  in  organization  and  functions.  C.  L.  Baker,  in  a 
recent  attempt  to  draw  u$  a  so-called  model  constitution  and  by-laws 
for  a  state  academy  of  science,  based  on  the  examination  of  the  consti- 
tutions and  by-laws  of  35  state  academies,  has  tabulated  the  objects  and 
purposes    of   these    academies    in   ten    categories.     We    note   that   about 
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half  of  these  academic  state  their  purpose  or  object  to  be  "the  promotion 
of  research  in  the  various  departments  of  science  and  the  diffusion  of 
scientific  knowledge."  One  fifth  seek  to  "promote  intercourse  (fraternal 
relationship)  between  men  and  assist  in  developing  and  making  known 
educational,  material,  and  other  resources."  One  seventh  indicate  "uni- 
fication of  scientific  interests  in  state."  Four  mention  "publication  of 
papers"  as  a  leading  function.  "Encouragement  of  scientific  work  in 
state,"  and  "holding  of  meetings  to  further  said  objects"  are  each  listed 
for  two  of  the  academies.  Other  purposes,  to  "promote  science,  publish, 
and  form  libraries,"  and  to  "investigate  department  of  the  State  gov- 
ernment" (1). 

The  Unprecedented  Preeminent  Position  of  Science  and 
Scientific  Societies  in  Our  Atomic  Age 

I  am  sure  that  we  all  agree  with  the  observation  with  Jewett  that 
"Science,  scientific  research,  and  the  men  of  science  have,  for  the  time 
being  at  least,  been  put  in  a  front  row  position  in  human  affairs"  (9). 
The  science  academy  stands  ever  ready  to  share  its  responsibilities  with 
other  agencies  of  society  and  government  to  provide  what  President 
Eisenhower  has  referred  to  as  "the  more  abundant  life."  Life  itself — 
the  President's  own  life  right  now — is  being  extended  as  a  result  of 
biological,  medical,  and  technological  research,  under  the  providence  of 
God.  And  it  is  in  our  state  academies  where  many  of  the  new  concepts 
and  exploits  of  science  have  had  their  premier  presentation  and  dis- 
cussion. I  personally  recall  at  this  moment  the  pioneer  work  in  syn- 
thetic rubber  by  the  late  Father  Nieuwland  of  our  host  institution.  Many 
other  epoch-making  discoveries  by  other  members  of  our  own  academy 
and  of  other  academies  could,  of  course,  be  cited. 

It  is  in  the  academy  also  that  fruits  of  the  so-called  scientific  method 
— the  greatest  of  all  achievements,  perhaps — have  been  impressively 
demonstrated  in  its  manifold  application  to  all  the  branches  of  science. 
Whitehead,  as  quoted  by  Compton,  has  characterized  it  as,  "the  invention 
of  the  method  of  invention"  (4).  Thus,  as  he  observes,  "The  prophecy 
of  Francis  Bacon  has  now  been  fulfilled;  and  man,  who  at  times  dreamt 
of  himself  as  a  little  lower  than  the  angels,  has  submitted  to  become  the 
servant  and  minister  of  nature." 

It  is  in  the  academy  moreover  that  research  in  "pure"  science  has 
received  extraordinary  emphasis  and  thus  prepares  the  way  for  techno- 
logical advances  in  engineering,  in  medicine,  in  industry,  and  in  the 
applied  arts  generally. 

Members  of  science  academies  throughout  the  country — and  prac- 
tically each  state  has  one,  besides  an  occasional  municipally  operated 
academy — share  much  of  the  credit  for  many  of  the  primary  researches 
which  ultimately  have  made  head-line  news.  To  mention  only  a  few: 
nuclear  science,  which  promises  to  give  us  an  infinite  supply  of  power; 
electronics,  which  may  yet  make  distant  and  instant  person-to-person 
vocal  and  visual  communication  possible;  pediatrics  and  geriatrics,  which 
have  phenomenally  extended  life's  span.  Anti-biotics  are  winning  the 
fight  against  infectious  diseases.   Synthetics  have  come  to  be  accepted  to 
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such  an  extent  as  to  suggest  possible  future  obsolescence  of  the  conserva- 
tion program  in  many  departments  of  nature's  realm.  Genetics  and 
Agronomics  point  to  an  eventual  inexhaustible  food  supply;  and,  together 
with  the  technology  of  applied  mechanics  in  all  its  industrial  forms, 
promise  to  provide  not  only  adequate  sustenance  for  all  the  peoples  of 
the  earth,  but  to  raise  the  standards  of  living  of  all  even  above  the  level 
now  existing  in  the  United  States.  Or  so  at  least  we  are  led  to  believe 
by  those  who  feel  there  are  no  limitations  to  what  science  can  do.  "Down 
to  earth"  thinking,  as  an  expression  of  perspicuity,  may  soon  have  to 
be  replaced  by  "space-mindedness,"  to  indicate  conversancy  with  the 
new  realities  of  the  inter-planetary  affairs  of  men! 

The  Limitations  of  Science  and  of  Academy  Programs 

Highly  acclaimed, .  then,  as  are  the  phenomenal  achievements  of 
modern  science  and  the  numerous  well-planned  programs  of  our  acad- 
emies, certain  limitations  and  shortcomings  in  the  record  of  scientific 
contribution,  I  think  we  would  all  agree,  are  not  difficult  to  discover. 
The  record,  impressive  as  it  is  in  reflecting  the  scientists'  genius  for 
supplying  the  material  needs  of  society,  does  leave  much  to  be  desired  in 
integrating  the  findings  of  science  with  the  social  and  spiritual  values 
of  human  society.  Increasing  concern  in  this  matter,  as  indicated  by  a 
rapidly  expanding  literature  on  the  subject,  has  further  stimulated  my 
interest  in  this  question  and  led  me  to  prepare  the  questionnaire  referred 
to  previously  to  determine  the  extent  academy  programs  are  planned  for 
developing  unification  and  integration  of  science  and  humane  concepts. 
On  this  point  the  question  asked  was:  "Does  your  annual  or  other  periodic 
program  include  a  planned  program,  or  a  special  panel,  or  separate  paper 
section  designed  to  show  the  field  or  functional  relationships  1)  between 
two  or  more  of  the  natural  sciences;  2)  between  the  natural  and  social 
science  disciplines  and  the  humanities?" 

Certain  other  questions  were  also  included  in  the  questionnaire  for 
the  purpose  largely  of  determining  how  the  program  of  the  academy 
directly  serves  society,  industry,  and  the  state.  Such  an  integral  relation- 
ship is  considered  significant  in  winning  adequate  moral  and  financial 
support  of  the  academy's  activities.  It  is  here  generally  assumed  that 
state  agencies,  educational  institutions,  private  industry,  and  the  public 
generally,  will  more  generously  support  a  society  whose  program  is 
partly  oriented  towards  the  humane  as  well  as  the  material  aspects  of 
our  culture.  It  is  relevant  here  to  note  that  the  secretaries  of  state 
academies  in  a  great  majority  of  cases  indicated  a  real  problem  in 
achieving  adequate  financial  support  or  even  satisfactory  publicity  for 
the  work  of  the  academy. 

The  data  received  from  twenty-seven  questionnaires  and  programs  in 
response  to  our  first  question  reveal  the  following:  Sixteen,  or  nearly 
sixty  per  cent,  indicate  no  planned  integration  programs.  Three  indicate 
a  lecture  or  an  address,  and  one  a  symposium  on  relationship  concepts  or 
values,  as  expressed  in  the  following  manner:  "The  annual  lecture  is 
generally  planned  in  such  a  manner  to  show  relationship  between  different 
fields."    "Presidential    address    often    of   this    sort."    "Academy   address 
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frequently  overlaps."  One  reported  a  symposium:  "For  the  last  three 
years  at  the  Annual  Meetings  symposia  on  various  subjects  have  pointed 
up  these  relationships."  This  latter  one  sounds  like  an  excellent  idea 
for  attaining  the  objectives  I  wish  here  to  stress. 

Most  of  the  other  programs  are  of  the  conventional  type,  listing 
papers  on  specialized  research  projects  in  separate  commonly  recognized 
science  divisions.  Some  of  them  do,  however,  combine  two  or,  in  a  few 
instances,  three  or  more  subject  matter  specialties  in  one  section.  Such 
a  type  of  program,  however,  does  not  necessarily  make  a  conscious  at- 
tempt to  coordinate  or  integrate  subject  matter  in  the  several  fields. 
What  it  commonly  represents  is  a  mere  avoidance  of  creating  too  many 
sections,  especially  if  they  be  small,  and  so  combining  those  which  do 
have  some  organic  relationship.  In  this  category,  for  example,  we  note 
the  following  responses:  "We  had  a  joint  meeting  of  chemistry  and 
physics  sections  last  year,"  and  "Physical  Sciences  meet  in  one  section." 
Still  another:  "Papers  on  sciences  and  humanities  are  scheduled  to- 
gether." This  last  statement  reveals  a  rather  unique  situation,  you  will 
observe,  since  here  the  humanities  appear  in  juxtaposition  with  science, 
and  the  program  includes  even  the  arts  in  the  title  of  Science,  Arts  and 
Humanities.  Two  other  state  academies  were  found  to  have  this  type  of 
integral  organization. 

The  next  part  of  our  questionnaire  deals  with  science-society  integra- 
tion aspects  of  academy  activities  outside  the  regular  program  meetings. 
Questions  asked  are:  "Does  the  Academy  in  any  way  perform  a  specific 
service  to  the  state  or  other  agency,  in  addition  to  making  the  usual 
contribution  towards  advancing  the  frontiers  of  science  through  the  re- 
search work  and  papers  of  its  members?"  And,  "Are  there  any  co- 
operative industrial,  conservational,  or  other  research  programs  engaged 
in  by  the  academy?" 

Answers  to  the  first  of  these  questions  with  reference  to  services 
to  state  or  other  agencies  may  be  placed  in  four  categories:  No  special 
services  of  which  there  were  5;  science  and  science  talent  promotion 
programs,  8;  science  instruction  and  exhibits,  6;  aid  of  some  kind  to 
the  state,  4.  It  should  be  kept  in  mind  that  neither  the  question  nor 
the  answers  as  I  have  classified  them  here  are  definitive  nor  complete, 
but  the  results,  nevertheless,  may  serve  as  some  criterion  as  to  the 
extent  and  relative  importance  of  the  various  kinds  of  academy- 
rendered  services  to  society  and  the  state. 

A  few  representative  statements  may  make  these  classified  re- 
sponses more  meaningful.  Some  form  of  science  promotion  and  science 
talent  recruitment  stand  out  by  far  the  most  significant.  Sponsoring  of 
a  junior  academy  heads  the  list.  Thus  a  report  that  "The  academy  is 
contributing  more  each  year  to  the  improvement  of  pre-college  science 
education  and  the  recruiting  of  students  into  science.  It  is  on  the 
agenda  for  the  fall  meeting  to  set  up  a  speakers  bureau  and  a  'Big 
Brother'  system  for  helping  the  Junior  Academy  with  projects  for  the 
academy  meeting  and  science  fairs  and  exhibits." 

Direct  educational  facilities,  closely  related  to  the  previous  activity, 
consist    of   sponsoring    state   and   regional    science   fairs,   setting   up   or 
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operating  in  one  case  or  another  a  library,  a  museum,  an  arboretum, 
an  aquarium,  or  a  planetarium. 

In  the  way  of  service  to  the  state,  one  reports  direct  charge  of  a 
memorial  arboretum  in  one  of  the  state  parks;  another  sponsors  a 
research  laboratory  for  the  state.  Three  academies  report  advisory 
services  on  state  legislation,  of  which  the  following  is  an  example: 
"The  Academy  takes  an  active  part  in  sponsoring  legislation  which  may 
contribute  to  a  better  program  for  wildlife  conservation,  advancement  of 
science  education,  and  similar  activities." 

The  third  question  was  intended  to  determine  whether  any  research 
project  was  being  pursued  by  the  academy  per  se,  and  not  as  a  personal 
matter  of  a  special  individual  research  grant.  Thus  interpreted,  only 
three  of  the  twenty-seven  responding,  indicated  such  organizational 
activity:  one  academy  co-operates  with  the  state  in  operating  a  bio- 
logical station;  another  a  Gulf  Coast  research  laboratory  "on  the 
planting  and  growth  of  oysters";  the  third  engages  in  "research  under 
contract  with  state  and  Federal  agencies." 

With  no  pretense  at  presenting  a  complete  inventory  of  the  func- 
tions of  all  of  our  science  academies,  I  believe  we  are  prepared  to  draw 
the  following  conclusions: 

1.  The  majority  of  the  academies  have  no  programs  of  any  kind 
formally  dealing  with  developing  inter-disciplinary  concepts  directed 
at  a  better  understanding  of  the  relationship  of  scientific  formulas  and 
philosophies  to  the  complex  of  human  values  and  patterns  of  living  in 
our  atomic  age. 

2.  Though  the  record  of  academic  activities  is  more  positive  with 
respect  to  promoting  or  participating  in  projects  designed  to  extend 
the  services  and  influences  of  the  academy  beyond  the  annual  program, 
it  is  obvious  that  here  is  a  challenge  to  the  numerous  societies  who  have 
not  as  yet  seen  fit  to  engage  in  enterprises  richly  abounding  in  publicity 
values  and  conducive  to  a  more  adequate  financial  support  of  the  entire 
academy  program. 

It  seems  an  anomalous  situation  that  academies  whose  scientists 
give  so  generously  of  their  time  and  talents  to  contributing  papers  at 
the  annual  meeting,  should  experience  a  chronic  financial  publication 
problem,  as  is  attested  to  by  a  report  of  a  committee  of  the  Academy 
Conference  in  1954  appointed  to  study  financial  policies  and  practices  of 
academies  (14).  According  to  this  study,  twenty-seven  of  the  thirty- 
seven  academy  respondents  indicated  increase  in  dues  within  the  last 
seven  years,  and  further  reported  that  financing  the  journal  publication 
"is  a  major  problem  in  most  academies";  "that  half  of  the  state  academies 
receive  some  state  aid  for  publication  purposes";  and  that  at  least  one 
without  such  aid  ceased  to  function.  Our  own  questionnaire  revealed  a 
similar  situation.  Ten  indicate  a  definite  publication  problem  of  one  kind 
or  another,  chiefly  financial. 

A  New  Look  at  the  Nature  and  Scope  of  Science 

If  the  observation  is  sound  that  our  science  academies  should  make 
greater  attempts  to  bring  the  works  of  science  into  closer  co-ordination 
and  co-operation  with  those  of  other  disciplines,  and  all  of  them  into 
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the  framework  of  unified  knowledge  of  the  nature  of  man,  his  purpose, 
and  his  destiny,  what  then  may  be  our  approach?  First  of  all  certain 
basic  assumptions  seem  essential,  namely: 

1.  The  same  high  degree  of  validity  of  knowledge  may  be  found 
in  non-science  fields  as  in  science,  even  though  the  concepts  of  these 
other  disciplines  do  not  lend  themselves  to  the  precise  mechanical  meas- 
urements or  mathematical  formula  found  in  an  average  scientific  research 
experiment. 

2.  While  narrow  departmental  specialization  seems  to  be  inherent 
in  the  successful  pursuit  of  basic  or  applied  scientific  research,  too 
often  such  specialized  knowledge  remains  in  water-tight  compartments, 
and  therefore  loses  much  of  its  social  value. 

3.  Certain  traditional  views  of  science  may  have  to  be  abandoned 
or  greatly  modified  in  order  for  science  to  effect  a  coherence  with  the 
social  sciences,  with  the  humanities,  or  for  that  matter  with  religion. 
Granted  that  science  deals  characteristically  with  measurable  values, 
whereas  the  human  values  may  not  be  so  measured,  it  is  rather  mislead- 
ing to  refer  to  science  as  "exact"  even  in  those  areas  which  lend  them- 
selves best  to  observational  and  experimental  measurement.  Leaders  in 
science  no  longer  talk  in  terms  of  absolutes  and  infallible  findings.  Thus, 
A.  H.  Compton,  one  of  America's  most  celebrated  physicists,  as  quoted 
by  Long,  observes  that  "Natural  phenomena  do  not  obey  exact  laws.  .  .  . 
The  movements  of  the  smallest  units  of  matter  and  light  are  unpre- 
dictable (11)." 

This  Theory  of  Indeterminacy,  as  it  has  come  to  be  known,  is  based 
on  the  principle  that  the  very  act  of  observing  the  motion  of  an  electron 
is  said  to  change  the  electron's  course,  and,  therefore,  forever  precludes 
the  possibility  of  predicting  its  future  behavior  (3). 

4.  This  profound  observation  of  the  nature  of  matter  or  energy, 
and  man's  limitation  in  exploring  it  in  scientific  fashion,  should  make 
every  scientist  humbly  realize  the  import  of  the  statement  by  the  late 
Einstein  that  the  scientific  method  can  teach  us  nothing  else  beyond 
how  facts  are  related  to  and  conditioned  by  each  other  (8).  This  should 
be  a  warning  to  the  scientist  who  holds  that  science  is  altogether  self- 
sufficient  in  providing  human  happiness  and  in  resolving  human  problems. 
Again,  here  a  statement  attributed  to  Einstein  seems  apropo:  "A  little 
science  leads  away  from  God;  more  science  leads  back  to  Him."  The 
moral  of  all  this  would  seem  to  be  that  the  truly  distinguished  and 
consecrated  worker  in  science  will  be  extremely  cautious  in  not  confusing 
theory  with  fact,  especially  when  dealing  with  controversial  issues  on 
man  with  respect  to  his  origin  and  his  destiny.  In  making  his  own 
distinctive  contribution  to  the  understanding  of  human  nature,  human 
behavior,  and  human  problems,  the  scientist  will  carefully  distinguish 
between  what  is  true  science  and  pseudo-science,  or  what  has  been  called 
scientism  or  Scientology. 

The  Socio-Economic  Factor 

Granted,  then,  that  the  scientist  must  share  with  co-research  workers 
in  other  fields  problems  concerning  the  well-being  of  man,  what  may 
be  some  of  the  specific  areas  of  investigation  of  human  society  which 
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pose  a  common  denominator  of  interest  and  service  ?  Time  will  not 
permit  more  than  a  few  general  observations.  First  of  all,  the  humani- 
tarian scientist  will  not  be  satisfied  with  doing  what  he  can  to  promote 
the  standard  of  living  in  his  own  country,  but  to  do  his  part  in  extending 
the  benefits  of  our  mid-century  technology  to  all  the  under-developed 
regions  of  our  globe  and  to  the  underprivileged  peoples  of  the  earth 
regardless  of  race,  creed,  or  color.  The  inequality  of  geographic  distribu- 
tion of  man's  material  and  spiritual  heritages  in  this  world  is  probably 
the  most  outstanding  fact  of  human  society.  If  so,  then  our  basic  research 
program  of  analyzing  and  resolving  national  problems  and  international 
tensions  must  have  a  regional  orientation.  We  need  to  have  a  clear 
picture  of  the  inequality  of  man's  own  distribution.  Viewing  the  land 
masses  as  a  whole,  we  find  approximately  half  of  the  world's  population 
living  within  less  than  9  per  cent  of  the  total  land  area.  Continent-wise, 
the  situation  looks  something  like  this:  Europe,  with  4  per  cent  of  the 
world's  land  area,  supports  18  per  cent  of  its  population.  The  Americas, 
with  28  per  cent  of  the  world's  land  area,  harbor  13  per  cent  of  the 
world's  population.  On  the  other  hand,  Asia,  with  30  per  cent  of  the 
world's  land  area,  has  54  per  cent  of  its  population;  while  Africa,  with 
23  per  cent  of  the  world's  land  area,  contains  now  only  7  per  cent  of  its 
population  (2). 

What  is  even  more  significant  geographically  is  the  inequality  of 
arability  or  productivity  of  regions  within  the  several  continents.  Thus 
on  the  basis  of  map  studies  of  world  land  possibilities  by  Pearson  and 
Harper,  it  was  found  that  "17  per  cent  of  the  land  is  too  cold,  66  per 
cent  too  dry,  36  per  cent  too  steep,  and  54  per  cent  too  infertile.  Allow- 
ing for  overlaps,  the  remaining  area  suitable  for  cultivation  is  thought 
to  cover  7  per  cent  of  the  land"  (Cressey,  op.  cit.) .  About  one-half  of 
mankind  live  in  countries  whose  per  capita  income  is  below  $200  as 
compared  to  $1000  in  our  own  country.  If  we  add  to  the  above  such  a 
statement  as  that  of  de  Castro  (7)  that  "Most  of  the  unrest  between 
the  Eastern  and  the  Western  World  is  definitely  related  to  the  poverty- 
ridden  conditions  of  two-thirds  of  the  people  of  the  earth — most  of  whom 
go  to  bed  hungry  every  night,  hungry  or  at  least  critically  under- 
nourished," we  may  begin  to  see  some  of  the  world  problems  in  proper 
social,  economic,  and  even  spiritual  perspective.  For  as  de  Castro  con- 
cludes, "Hungry  people  cannot  be  spiritually  uplifted." 

Data,  such  as  the  above,  may  prove  most  disconcerting  to  the  lay- 
man, but  challenge  the  scientist  and  technologist.  The  idea  held  by 
some  that  the  so-called  "backward  races"  are  inherently  incapable  of 
advancing  with  our  aid  to  our  concepts  of  civilized  life  has  been  pretty 
well  debunked.  The  famous  world  historian,  A.  J.  Toynbee,  for  example, 
reportedly  maintains  that  "The  so-called  racial  explanation  of  differences 
in  human  performances  and  achievement  is  either  an  ineptitude  or  a 
fraud"  (12). 

Areas  hitherto  said  to  be  too  cold,  too  hot  and  humid,  too  dry,  too 
rugged,  too  infertile,  or  too  uncivilized  are,  in  numerous  instances, 
progressively  being  transformed  into  habitable  and  even  hospitable 
regions.    Not  only  that,  but  many  lands  of  frustrating  natural  endow- 
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ments  or  backward  cultures  have,  as  a  result  of  instant  communication 
and  facile  transportation,  been  integrated  with  the  more  productive  and 
progressive  peoples  into  one  world  community.  Admittedly,  population 
pressure  and  extremely  low  standards  of  living  in  some  excessively 
overpopulated  communities  may  present  seemingly  insurmountable  prob- 
lems, requiring  joint  remedial  attack  by  all  academic,  societal,  and  gov- 
ernmental agencies.  The  United  Nations  Educational,  Scientific  and 
Cultural  Organization  and  our  own  government's  so-called  Point  Four 
Program  point  the  way  towards  self -rehabilitation  of  the  under-privileged 
countries  with  the  aid  of  such  technical  help  as  we  are  prepared  to  give 
them.  Though  national  and  international  in  scope,  problems  of  such 
profound  social,  economic,  and  political  implications  may  well  concern 
the  science  academy. 

Moving  closer  in  to  our  own  state  settlement  and  resource  develop- 
ment problems,  one  might  very  well  wish  for  a  joint  attack  by  our 
academy  and  the  state  on  the  more  critical  conservation  problems  which 
the  state  alone  may  find  rather  difficult  to  handle.  Instead  of  an  oc- 
casional paper  on  some  phase  of  conservation  presented  as  now  inde- 
pendently, arrangements  might  be  made  to  carry  on  in  co-operative 
fashion  a  systematic  and  sustained  program  well  integrated  into  the 
overall  objectives  of  the  state  conservation  department. 

A  similar  type  of  contract  might  be  made  with  the  state  planning 
commission,  where  there  is  one,  as  in  the  case  of  Indiana,  to  aid  that 
body  in  exploring  the  natural  resource  patterns  of  the  state  as  we  find 
them  directly  related  to  regional,  county,  and  community  planning 
programs.  Direct  participation  in  such  programs  would  demonstrate 
both  to  the  state  and  the  public  the  worthwhileness  of  academy  activi- 
ties and  hence  worthiness  of  adequate  financial  backing. 

A  Sound   Religio-Scientific   Synthesis  of  Man  and  His   Destiny 
The  Challenging  Educational  Program  of  Our  Atomic  Age 

Identified  with  the  educational  program  of  a  Church-related  uni- 
versity, and  with  a  department— Geography  and  Geology — which  has,  so 
to  speak,  one  foot  in  the  Natural  Sciences  and  the  other  in  the  Social 
Sciences,  I  have  come  to  feel  that  the  goal  of  all  higher  learning,  the 
understanding  of  man  and  his  responsibilities  to  God  and  his  fellow  men, 
can  be  attained  only  when  we  take  a  unified  look  at  religion  and  reality. 
I  speak  here  now  not  as  one  of  the  clergy,  but  of  the  laity;  not  as  a 
theologian,  but  as  a  fellow-scientist.  On  an  occasion  such  as  this  there  is 
no  intent  to  expound  any  particular  creedal  philosophy.  I  am  well  aware 
that  any  treatment  of  such  a  complex  subject  as  the  religio-scientific 
synthesis  of  man  must  by  its  very  nature  be  an  individual's  credo.  How- 
ever, examination  of  some  two-score  recent  publications  on  the  subject, 
written  by  both  leading  churchmen  and  scientists,  has  confirmed  my 
earlier  conviction  that  today,  more  than  ever  before,  the  religionist  needs 
to  know  more  about  science;  and  the  scientist  must  know  more  about 
religion.  What  is  needed  in  this  day  of  confusion  and  threatened  de- 
struction of  world  civilization  are  more  symposia  to  show  how  the  obli- 
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gations  of  man  to  his  God  and  to  his  fellow  men  are  revealed  in  the 
Divine  commandment  to  man  to  "subdue  the  earth." 

It  is  obvious  that  no  understanding  of  life's  realities  and  responsi- 
bilities can  be  complete  without  a  unified  consideration  of  man  and 
matter  any  more  than  we  can  get  a  rational  concept  of  man's  global 
relations  without  noting  how  the  various  regional  world  environments 
complement  each  other  in  the  world  economy.  It  is  to  the  following 
topics,  then,  to  which  in  conclusion  we  would  briefly  address  ourselves: 

1.  The  Need  of  a  Coherent  View  of  Science  and  Religion — The  old- 
time  traditional  conflict  between  church  and  science  is  familiar,  I  am 
certain,  to  all  of  us;  its  history  need  not  be  elaborated  here.  What  is 
probably  more  germane  to  our  present  task  is  to  emphasize  that  such 
conflicts  must  necessarily  be  classified  for  the  most  part  as  church  dogma 
and  science  dogma,  and  not  religion  and  science  as  such.  For  truth  and 
reality  cannot  be  divided  against  themselves,  whether  religious  or 
scientific.  Teaching  of  religious  and  scientific  truths  must  be  mutually 
relevant  and  reconcilable.  Such  an  axiomatic  proposition,  however,  we 
all  realize  is  not  as  self-satisfying  as  it  seems.  Responsibility  for  in- 
compatible religio-scientific  viewpoints  in  the  past  can  be  laid  at  the 
doorstep  of  both  the  religionist  and  the  scientist.  Thus,  of  the  former, 
Cosmos  Indicopleustus,  one  of  the  most  distinguished  scholars  and  widely 
traveled  churchmen  in  the  early  mediaeval  period,  who  contended  in  his 
Christian  geography  that  the  earth  must  be  flat.  One  recalls  here  also 
Luther's  evaluation  of  Copernicus'  De  revolutionibus  orbium  coelestium 
as  the  work  of  an  over-witty  fool  who  would  overturn  the  whole  art  of 
astronomy,  and  defending  instead  the  Ptolemaic  system  with  which 
Luther's  exegesis  of  Scripture  seemed  much  more  compatible.  On  the  side 
of  science,  a  theory  or  dogma  can  likewise  prove  not  only  incompatible 
with  religion  but  with  science  itself.  Thus,  all  of  us  recall  how  at  one 
time  the  scientists  accepted  the  doctrine  of  spontaneous  generation  sub- 
sequently discredited  by  the  famous  bacteriological  experiments  of 
Pasteur. 

It  is  very  understandable  that  a  religionist  should  look  askance  at 
any  scientifically  unproven  theory  based  on  a  mechanomorphic  view  of 
the  origin  and  development  of  life,  ruling  out  divine  creation  and  provi- 
dence. For  those  of  us,  who  have  faced  the  problem  of  a  harmonious 
religio-scientific  syntheses — and  what  person  versed  in  religion  and 
science  hasn't  had  this  challenge — much  guidance  and  reassurance  may 
come  from  the  fact  that  some  of  the  world's  most  creative  scientists  have 
found  a  way  of  holding  a  "faith  with  propriety  and  with  intellectual 
integrity."  Among  such  are  the  all-time  distinguished  astronomer- 
mathematician  Newton;  astronomer  Kepler;  chemist  Boyle;  botanist 
Ray;  the  chemist-physicist  Faraday.  All  of  them  looked  upon  nature  as 
the  direct  handiwork  of  God  and  not  as  God  itself  rationalizable  through 
some  chance  interpretation  of  purely  mechanistic  forces.  Just  as  the 
scientist  must  help  the  missionary  remove  superstition  from  the  more 
backward  areas  of  the  world,  as  does  Albert  Sweitzer,  rated  by  some 
as  the  world's  most  distinguished  citizen,  in  the  wilds  of  Africa — so  we 
in  America  have  a  challenge  to  find  the  formula  how  science  and  religion 
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may  be  joined  in  man's  liberation.  The  key  to  such  liberation,  as  Kettner 
has  so  well  pointed  out,  "lies  in  the  ethical  strength  which  arises  from 
the  integration  of  the  scientific  and  religious  spirit"  (10). 

2.  Some  Obstacles  on  the  Road  to  Religio-scientific  Integration — I 
have  already  alluded  to  the  problem  of  the  traditional  controversy  be- 
tween certain  exegeses  of  Scripture  and  certain  postulates  of  science. 
Attempt  to  resolve  an  apparently  irreconcilable  situation  has  often 
resulted  only  in  posing  another  problem,  such  as  compartmentalism. 
Coulson  in  a  Riddell  Memorial  lecture  at  Oxford  (5)  points  up  two 
pitfalls  responsible  for  a  lot  of  confusion.  To  quote:  "The  first  occurs 
when  we  try  to  behave  as  if  science  and  religion  could  be  completely 
separated  from  each  other  with  no  points  of  contact,  in  much  the  same 
way  that  in  a  space  of  three  dimensions  two  straight  lines  can  be  per- 
fectly straight  and  infinitely  long  without  in  general  ever  cutting  across 
one  another."  It  is  said  of  Michael  Faraday  that  "when  he  turned  from 
his  prayers  to  his  laboratory  he  forgot  his  religion;  and  when  he  closed 
the  door  of  his  laboratory  to  leave  it  he  forgot  his  science." 

"The  second  false  assumption  is  that  science  and  religion  occupy 
contiguous  regions,  so  that  starting  with  science  and  continuing  as  far 
as  science  can  take  us,  we  eventually  arrive  at  a  boundary  where  science 
hands  us  over  to  religion.  In  much  the  same  way,  we  exchange  one  set 
of  laws  for  another  when  we  move  across  the  frontier  that  divides  one 
country  from  its  neighbor.  .  .  .  Isaac  Newton  in  his  Opticks  could  write 
that  'God  in  the  beginning  formed  matter  in  solid,  hard,  impenetrable, 
movable  particles'.  But  after  that  they  were  left  to  their  own  interactions. 
'These  particles',  he  said,  'are  moved  by  certain  active  principles,  such 
as  Gravity  .  .  .  and  the  cohesion  of  bodies'.  According  to  this  view,  God 
is  restricted  to  the  original  winding-up  of  the  universe,  and  to  quote  once 
more  from  Newton,  in  his  Princiina — 'The  rest  of  the  phenomena  of 
nature  ...  all  depend  upon  certain  forces  by  which  the  particles  .  .  .  are 
either  mutually  impelled  towards  each  other  and  cohere  in  regular 
figures,  or  are  repelled  and  recede  from  each  other'."  When  Newton 
found  that  his  universal  law  of  gravitation  did  not  explain  certain  other 
celestial  phenomena,  then  once  more  he  invokes  Divine  intervention, 
observing,  for  example,  that  "the  diurnal  rotation  of  the  planets  could 
not  be  derived  from  gravity,  but  required  a  Divine  arm  to  impress  it  on 
them." 

Dogmatism  can  be  still  another  stumbling  block  to  real  religio- 
scientific  progress.  On  the  phenomenon  of  meteorites  one  is  reminded 
here  of  the  scientists  of  the  eighteenth  century  who,  as  Whitehouse 
points  out,  could  not  conceive  of  meteorites  falling  from  Newton's  well- 
ordered  sky.  The  stories  of  such  happenings  were  therefore  dismissed 
as  the  pious  religiosity  of  peasants  who  still  regarded  the  sky  as  "the 
abode  of  the  gods"  (15). 

Humorous  and  harmless  as  some  of  the  above  observations  may  seem, 
certain  scientific  dogma  can  be  a  very  serious  and  faith-destroying 
matter.  Such  is  the  modern  dogma  known  as  "scientism"  or  "scien- 
tolatry."  Because  of  the  phenomenal  achievements  of  twentieth  century 
science,  climaxed  in  the  researches  of  nuclear  fission  and  fusion,  science 
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has  in  some  quarters  come  to  be  revered  and  exalted  to  the  level  of 
revealed  religion  itself — fully  self-sufficient  to  deal  with  the  body,  mind, 
and  soul  of  man.  "This  peculiar  form  of  idolatry,"  as  Owen  observes, 
"refuses  to  recognize  the  limitations  of  science  and  claims  that  its  work- 
ing principles  can  be  used  as  universal  principles,  in  terms  of  which 
the  whole  of  reality  can  be  explained  and  controlled"  (13). 

Recognizing  that  "science  and  religion  are  both  necessary  to  the 
understanding  of  life  and  reality,"  Owen  concludes  that  "the  essential 
requirement  of  the  present  day  is  the  construction  of  a  synthesis  between 
findings  of  modern  science  and  the  older  truths  of  religion.  It  is  the 
only  way  in  which  religion,  on  the  one  hand,  can  be  prevented  from 
withdrawing  into  idealism  and  other  worldliness;  and  the  'scientific'  age, 
on  the  other  hand,  can  be  rescued  from  ruin  in  antihuman  collectivism." 

Summary  and  Recommendations 

The  mid-twentieth  century  scientist  has  come  to  occupy  a  leading 
position  alongside  the  statesman  in  world  affairs.  His  role  in  humane 
affairs  per  se  does  not  appear  to  be  so  well  established.  Our  primary 
concern  in  this  paper  has  been  to  focus  attention  on  the  contributions 
that  the  scientist,  through  the  State  Academy,  can  and  should  make  to 
the  combined  material,  social,  and  spiritual  well-being  of  man. 

Science  academies  in  the  United  States  by  and  large  have  given  a 
good  account  of  themselves  in  extending  the  frontiers  of  knowledge  in 
practically  all  branches  of  pure  science;  in  some  instances  the  society 
also  embraces  certain  applied  sciences,  the  arts,  and  the  humanities. 

Some  two-score  societies  are  identified  with  the  American  Association 
for  the  Advancement  of  Science  Conference.  Over  a  score  of  them 
sponsor  a  Junior  Academy  of  Science.  Further  promotion  of  educational 
interest  in  science  and  recruitment  of  talented  youth  for  science  has  been 
achieved  through  the  program  of  Science  Talent  Search. 

Grants  for  research  from  one  source  or  another,  including  the  AAAS, 
and  subsidization  by  the  state  or  otherwise  to  help  finance  the  publica- 
tion of  academy  papers,  have  greatly  stimulated  and  aided  the  State 
Academy  in  its  objectives. 

Despite  the  ambitious  programs  and  otherwise  strong  organizational 
structure  of  the  average  state  academy,  most  of  the  societies  experience 
financial  difficulties.  Seventy-three  per  cent  of  those  replying  to  Mr. 
Robertson's  questionnaire  report  an  increase  of  dues  within  the  last 
seven  years.  On  the  basis  of  my  questionnaire,  it  appears  that  publica- 
tion is  one  of  the  chief  difficulties,  the  problem  being  primarily  financial. 

The  suggestion  is  here  made  that  the  State  Academy  explore  every 
effort  so  to  organize  its  program  and  other  activities  as  to  be  of  direct 
service  to  industry,  the  state,  and  to  society  generally.  It  is  recognized 
that  a  certain  amount  of  such  service  is  already  being  rendered — by 
some  more  extensively  and  intensively  than  by  others.  On  the  basis  of  the 
thesis  of  this  paper,  several  recommendations  are  offered  with  the  view 
of   achieving  increased  interest  and  support  of  academy  programs: 

1.  That  we  strive  to  include  in  our  sectional  programs  one  or  more 
papers    which   touch    on    some    vital    public    issue    having   current   news 
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value:  e.g.,  the  application  of  some  scientific  principle  of  direct  use  to 
industry  or  business;  the  implication  of  some  scientific  discovery  on  a 
social,  economic,  or  political  problem. 

2.  That  a  separate  session  be  arranged  in  the  form  of  a  symposium, 
a  panel  program  of  some  kind  dealing  with  a  broad  theme  of  sufficient 
scope  to  include  participants  from  several  science  disciplines.  On  oc- 
casion, as  the  theme  may  warrant,  the  panel  might  well  include  repre- 
resentatives  from  any  or  all  the  other  academic  disciplines  outside  of 
science  proper.  Themes  would  be  chosen  from  broad  areas  of  human 
interest  and  activity.  ''Population  Dynamics,"  for  example,  was  such  a 
theme  used  by  the  Indiana  Academy  of  The  Social  Sciences  at  this  year's 
meeting  at  Indiana  University;  it  included  references  to  resources  and 
technology  as  well  as  to  demography. 

3.  That  we  offer  our  services  directly  to  such  state  and  other 
agencies  which  can  profit  directly  from  the  research  which  academy 
members  are  prepared  to  undertake.  I  am  thinking  here,  for  example,  of 
the  State  Department  of  Conservation;  the  Indiana  Economic  Council, 
the  state  planning  agency;  and  also  industrial  establishments.  Assist- 
ance on  specific  projects,  expertly  done,  may  well  merit  in  return  the 
kind  of  subsidization  that  is  needed  to  carry  on  most  effectively  the 
work  of  the  Academy. 

4.  That  the  society-centered  program  be  given  full  publicity  so  that 
the  educational  institutions  of  the  state  and  the  public  generally  may 
become  aware  of  this  new  effort  on  the  part  of  the  Academy  to  integrate 
its  services  into  the  affairs  of  the  state  and  of  society,  i 
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Kalispel  Law.  J.  A.  Jones,  Indiana  University. — The  lower  Kalispel 
are  a  group  of  American  Indians  now  located  on  a  reservation  in  north- 
eastern Washington.  Originally,  they  were  a  canoe  people,  dependent  on 
fish,  water  birds,  marsh  plants,  and  deer  for  subsistence.  During  this 
time,  they  were  organized  into  small,  loosely-structured,  patrilineal 
bands.  They  led  a  relatively  secure  existence.  They  had  a  fairly  stable 
food  supply,  and  they  had  no  important  enemies.  The  whole  area  was 
characterized  by  peaceful  relations  between  neighboring  groups. 

After  the  introduction  of  the  horse,  the  Kalispel  ventured  east  of 
the  mountains  onto  the  great  plains  to  hunt  buffalo  in  competition  with 
the  Blackfoot.  Here  the  situation  was  much  different  from  the  old, 
secure  way  of  life  back  home.  While  on  the  plains,  the  Kalispel  were 
always  in  danger  from  Blackfoot  raids.  Even  the  food  supply  was  less 
reliable  since  an  uncooperative  hunter  could  stampede  a  buffalo  herd  so 
that  they  ran  miles  away  from  where  the  group  was  gathered  to  hunt. 

In  response  to  these  new  conditions,  the  Kalispel  developed  a  new 
system  of  controlling  individual  behavior.  Children  were  taught  to  feel 
responsible  for  one  another  by  the  simple  device  of  whipping  all  of  them 
when  one  was  naughty.  Adult  offenders  against  the  group  well-being 
were  likewise  called  to  account  publicly  by  being  whipped  under  the 
chief's  orders.  The  position  of  chief  grew  in  authority  as  a  result  of  the 
importance  of  the  new  controls. 

Whipping  occurs  among  the  western  Plateau  people  only  as  a 
ceremonial  practice.  Its  secularization  among  the  eastern  Plateau  people, 
like  the  Kalispel,  reflects  the  changes  which  may  occur  when  new  cultural 
activities  bring  new  problems  in  social  control. 

Traditional  Evidences  of  Aboriginal  Occupancy  in  Michigan. 
Thomas  J.  Maxwell,  Jr.,  Indiana  University — Both  traditional  and  his- 
torical data  locate  the  Ottawa  Indians  on  Manitoulin  Island  in  Ontario 
prior  to  1648.  Before  this,  Ottawa  tradition  indicates,  they  lived  farther 
to  the  east  at  Lake  Nipissing  and  on  the  Ottawa  River. 

Vague  references  are  made  for  an  eastern  origin  for  the  Chippewa 
but  actual  locations  given  place  them  around  the  Upper  Peninsula.  The 
Potawatomi  are  said  to  have  reached  the  upper  end  of  Lake  Huron  in 
company  with  the  Chippewa  and  Ottawa  and  then  to  have  continued  west 
to  the  region  around  Green  Bay,  possibly  in  company  with  the  Sauk.  The 
Sauk  are  supposed,  in  the  traditional  literature,  to  have  dwelt  near 
Saginaw  Bay,  in  eastern  Michigan  in  the  seventeenth  century.  One 
tradition  says  they  came  there  with  the  Fox  from  some  place  south  of 
Detroit. 
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The  Assegun  lived  on  the  Upper  Peninsula  before  the  arrival  of  the 
Ottawa.  The  islands  were  inhabited  by  the  Mackinac  Indians,  and,  on  the 
Lower  Peninsula,  dwelt  the  Mushcodesh.  The  Mackinac  Indians  became 
extinct  and  the  others  were  driven  south  of  Grand  River  by  the  Ottawa 
and  Chippewa.  After  this  episode,  the  Ottawa  and  Chippewa  settled  in 
western  Michigan. 

Range  of  Skeletal  Maturation  in  Puerto  Rican  Children.  Joan  Finkle 
de  Pena,  Indiana  University. — One  of  the  most  reliable  techniques  of 
ascertaining  body  growth  and  development  is  the  assessment  of  skeletal 
maturation  through  X-rays  of  specific  body  areas.  Of  the  several 
potential  body  areas  so  treated,  the  wrist  has  received  the  most  at- 
tention, for  it  is  in  this  bony  area  that  changes  occur  in  an  orderly 
sequence  and  cover  the  entire  period  from  birth  to  early  adulthood. 

Such  an  assessment  of  skeletal  maturation  of  some  2,000  Puerto 
Rican  children  is  in  progress  at  Indiana  University.  Although  this  work 
is  still  incomplete,  specific  trends  of  growth  can  be  discerned. 

1)  In  comparison  with  U.  S.  standards,  Puerto  Rican  children  show 
delayed  appearance  and  maturation  of  the  bony  wrist  elements. 
This  delay  encompasses  a  chronological  range  of  from  2  to  5 
years  in  variation  from  U.  S.  material. 

2)  Delay  is  most  apparent  in  the  appearance  and  development  of  the 
distal  ulnar  epiphysis. 

3)  There  is  also  a  noticeable  delay,  though  not  so  great  as  that  of 
the  ulnar  region,  in  the  development  of  the  greater  and  lesser 
multangulars. 

4)  These  delays  in  bony  development  seem  to  be  more  positively 
correlated  with  data  on  nutritional  levels  than  with  height  or 
weight  or  age  data. 

5)  Skeletal  maturation  of  Puerto  Rican  children  tends  to  more  ap- 
proximate the  norm  standards  of  U.  S.  children  by  12-14  years 
in  females  and  15  years  in  males. 

6)  The  trend  towards  delayed  maturation  seems  to  occur  more  fre- 
quently at  the  time  of  appearance  of  various  ossification  centers 
than  at  the  time  of  epiphyseal  union. 

7)  The  distal  ulnar  epiphyseal  area  rates  special  consideration  be- 
cause of  the  unusual  delay  in  both  the  appearance  and  develop- 
ment of  the  center,  and  because  of  the  rather  high  frequence  of 
dual  ossification  centers  of  the  epiphysis. 
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Stimulation  by  Molybdenum  of  Bacteria  Grown  in  the  Presence  of 
Various  Sources  of  Nitrogen.  E.  A.  Cook,  Indiana  University. —  Molyb- 
denum is  essential  for  microbial  symbiotic  and  non-symbiotic  nitrogen 
fixation,  and  for  reduction  of  nitrate-nitrogen  by  various  plants  and 
fungi.  Also,  several  higher  plants  and  some  microorganisms  are  stimu- 
lated by  its  presence  when  NH4+  is  the  sole  source  of  nitrogen.  In  the 
present  study,  possible  effects  of  this  element  on  the  growth  of  Pseudo- 
monas  and  Bacillus  with  various  single  sources  of  nitrogen  were  observed. 
The  nitrogen  compounds  included  NH4N03,  NaN03,  KN03,  Mg(N03)2, 
Ca(N03)2,  NH4CI,  (NH4)2S04,  NaN02,  KN02,  aspartic  acid,  glutamic  acid, 
methionine,  histidine,  ornithine,  asparagine,  glutamine,  glutathione, 
casein  hydrolysate,  urea,  and  thiourea. 

The  organisms  were  grown  in  shaken  flasks  in  a  nitrogen-free  basal 
broth  which  contained  less  than  1  /*g/ml  molybdenum  as  determined  by 
the  thiocyanatestannous  chloride  colorimetric  method.  Various  single 
nitrogen  sources  and  varying  amounts  of  molybdenum  as  (Na2Mo04) 
were  added  aseptically  to  the  broth.  After  24  hours  incubation,  viable 
cell  counts  were  made  by  plating  diluted  aliquots  of  the  flasks  on 
nutrient  agar. 

With  Ps.  fluorescens,  250-500  fig/ml  molybdenum  slightly  stimulated 
growth  when  the  source  of  nitrogen  was  NH4C1,  NaN03,  aspartic  acid, 
ornithine,  or  urea.  No  effect  was  observed  with  the  other  nitrogen  com- 
pounds. In  contrast,  much  more  pronounced  results  were  obtained  with 
B.  subtilis,  particularly  when  urea  was  the  source  of  nitrogen:  growth 
occurred  only  in  the  presence  of  either  1-5  fig /ml  or  100-150  fxg/ml 
molybdenum.  Stimulation  of  growth  was  noted  when  NaN03,  KN03, 
Ca(N03)2,  or  glutamic  acid  were  used  (at  1-5  fxg/ ml  molybdenum),  when 
NH4C1  or  (NH4)2S04  were  used  (at  100-150  ,ug/ml  molybdenum),  or  when 
NH4N03  was  used  (at  250  fig /ml  molybdenum). 

A  Microbiological  Assay  Method  for  Determining  Submicrogram 
Quantities  of  Mn++.  Irwin  L.  Dickstein,  Indiana  University. — Manga- 
nese (II).  Since  early  in  the  19th  century,  analytical  chemists  have  been 
seeking  an  accurate  and  practical  method  for  determining  small  amounts 
of  manganese  (II)  in  various  materials.  Chemical,  spectrochemical,  and 
microbiological  methods  have  been  devised,  but  none  can  accurately  detect 
quantities  of  the  ion  less  than  0.10  p.p.m.   Sporulation  of  Bacillus  subtilis 
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has  been  observed  to  be  directly  proportional  to  the  concentration  of 
mangenese  (II)  in  the  environment.  The  assay  method  to  be  described 
is  based  on  this  phenomenon. 

The  materials  to  be  assayed  for  Mn++  were  added  to  250  ml  Erlen- 
meyer  flasks  containing;  12  ml  of  double  strength  nutrient  broth  and 
diluted  with  distilled  water  to  give  a  final  volume  of  25  ml.  The  flasks 
were  autoclaved  and  then  inoculated  with  10*  viable  cells  obtained  from 
an  8  hour  shaken  culture  of  the  Marburg  strain  of  B.  subtilis.  After  18 
hours  at  37°C,  cells  from  the  shaken  flasks  were  stained  and  the  percent 
of  sporulation  observed  microscopically.  Standard  flasks  containing 
known  amounts  of  Mn++  were  always  included.  Standard  curves  were 
drawn  in  which  the  percent  sporulation  was  plotted  against  the  p. p.m. 
of  added  manganese  (II).  The  concentrations  of  the  ion  in  the  unknown 
samples  were  then  calculated  from  the  standard  curves.  Concentrations 
between  0.010  and  0.090  p. p.m.  were  detected  accurately  with  this  method. 
The  results  compared  favorably  with  those  obtained  by  older  methods. 
Materials  that  were  assayed  with  good  results  included  samples  of  soil, 
water,  sewage;  tissues  and  fluids  from  plants  and  animals;  and  bacterial 
vegetative  cells  and  spores. 

Factors  Affecting  the  In  Vitro  Propagation  of  Rabies  Virus.    R.  J. 

Hosley,  Eli  Lilly  &  Company. — The  Alabama  strain  of  rabies  virus  was 
propagated  in  a  simple  balanced  salt  solution  containing  glucose  and 
minced  brain  from  1-  to  3-day  old  Swiss  albino  mice.  The  medium  was 
modified  by  the  inclusion  of  various  compounds  under  study.  Virus  titers 
were  obtained  for  the  culture  flask  contents  at  zero  hours  and  again  at  72 
hours  following  incubation.  Final  titers  of  experimental  and  control  cul- 
tures were  compared  to  ascertain  the  magnitude  and  direction  of  the 
effect  of  various  compounds  or  experimental  conditions. 

An  explanation  for  the  failure  to  obtain  virus  propagation  in  vitro 
in  adult  mouse  brain  tissue,  which  had  been  reported  in  the  literature  and 
confirmed  in  the  present  investigation,  was  sought  in  a  study  of  the 
relationship  of  virus  propagation  to  quantitative  differences  in  free  amino 
acid  content  of  infant  and  adult  mouse  brain  tissue.  Among  the  free 
amino  acids  known  to  be  present  in  infant  mouse  brain  tissue  but  not 
detected  in  adult  tissue,  the  compound  L-(-) -tyrosine  was  observed  to 
produce  a  significant  enhancement  of  virus  propagation  when  added  to 
the  culture  fluid  in  a  concentration  as  low  as  5  x  10-4  molar.  The  compound 
did  not  appear  to  alter  the  rate  of  tissue  metabolism  or  the  pH  stability  of 
the  system.  The  compound  beta-phenylserine,  chosen  for  study  because 
of  its  structural  relationship  to  tyrosine,  was  found  to  produce  a  sig- 
nificant inhibition  of  virus  propagation  without  evidence  of  an  effect 
on  tissue  metabolism. 

These  observations  suggest  a  possible  metabolic  pathway  of  im- 
portance in  the  synthesis  of  rabies  virus  by  host  cells.  It  is  conceivable 
that  such  a  pathway,  if  operative  in  the  intact  host,  may  prove  vulnerable 
to  blocking  mechanisms. 

A  Semi-synthetic  Medium  for  the  Cultivation  of  Poliomyelitis  Virus. 

T.  W.  O'Neil,  Eli  Lilly  &  Company. — A  hydrolysate  of  lactalbumin  was 
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selected  from  a  group  of  ten  hydrolyzed  milk  protein  products  for  its 
low  toxicity  to  monkey  kidney  epithelial  cells.  This  product  was  then 
evaluated  for  its  nutrient  qualities  for  the  purpose  of  developing  a 
simpler  and  more  economical  non-proteinaceous  medium  than  Medium 
199.  This  medium  was  to  be  used  for  the  tissue  cultivation  of  poliomye- 
litis virus.  A  simplified  medium  containing  this  hydrolysate,  modified 
Hanks'  solution,  penicillin  and  dihydrostreptomycin  was  evolved  which 
gave  good  poliomyelitis  virus  titers  in  both  monolayer  and  mince  type 
tissue  cultures  of  monkey  kidney. 

The  chief  advantages  of  this  medium  are  economy,  simplicity  of 
preparation,  lack  of  protein  material,  and  its  ability  to  produce  good 
poliomyelitis  virus  yields  in  both  monolayer  cells  and  minced  tissues. 
The  ingredients  are  readily  available  and  can  be  prepared  in  a  short 
period  of  time. 
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Artificial   Formation   of   Periclinal   Polyploid   Forms   in   Asters.    II. 

Albert  L.  Delisle,  University  of  Notre  Dame. — Seedlings  of  the  common 
New  England  Aster  which  is  widely  cultivated  as  an  ornamental  were 
treated  with  the  chemical  colchicine  to  induce  the  formation  of  giant 
forms  or  polyploids.  In  lot  A,  the  entire  young  growing  tips  were  treated; 
in  the  other,  lot  B,  the  tip  was  cut  medially  and  only  one-half  of  it  was 
treated. 

The  resulting  polypoid  forms  showed  a  considerable  increase  in  size 
of  leaf  and  a  significant  increase  in  the  diameter  of  the  flowers.  The 
polyploids  produced  in  lot  A  were  of  two  types:  some  total  polyploids 
breeding  true  and  superficial  polyploids  which  do  not  breed  true. 

The  plants  of  lot  B  whose  tips  were  cut  medially  had  the  highest 
mortality  and  produced  right-left  sports  or  chimeras.  These  plants 
produced  polyploid  branches  on  one  side  and  normal  branches  on  the 
other.  The  chromosome  number  of  the  polyploids  (i.e.  tetraploids)  was 
20,  that  of  the  diploid  controls  was  10. 

Similar  treatment  with  colchicine  was  attempted  on  Aster  ericoides 
without  any  successful  results. 

The  Mechanism  of  Variation  in  a  Strain  of  Verticillium  albo-atnim. 
Wendell  L.  Gauger,  Purdue  University. 

Single  conidial  isolates  of  a  tomato  pathogenic  strain  of  Verticillium 
albo-atrum  show  variation  when  they  are,  in  turn,  single  spored.  Since 
the  conidia  of  this  organism  are  uninucleate  this  is  taken  as  proof  that 
heterocaryosis  does  not  function  as  a  mechanism  of  variation. 

Mutation  could  account  for  the  variation,  and  certain  data  which 
tend  to  support  this  theory  are  presented. 

The  Effects  of  Photoperiod  and  Temperature  on  the  Preinductive 
and  Postinductive  Development  of  Spring  Wheat.  J.  A.  Riddell,  George 
A.  Gries  and  Forest  W.  Stearns,  Purdue  University. — Two  spring 
wheat  varieties,  Chinese  and  White  Federation  38,  differing  in  their 
season  of  maturity  in  the  field,  were  studied  under  controlled  conditions 
of  8,  12,  16,  and  20  hour  photoperiods  at  15.5,  21.1,  and  26.7°  C.  Both 
short  day-lengths  and  high  temperatures  retard  preinductive  development 
as  indicated  both  by  the  number  of  vegetative  nodes  differentiated  and 
the  time  for  induction  to  occur.  As  the  day-length  is  increased  the  delay- 
ing effect  of  high  temperatures  on  induction  become  less  pronounced. 
High  temperatures  favor  rapid  postinductive  development.  Time  to 
flowering  follows  the  same  pattern  as  preinductive  development;  how- 
ever, due  to  the  influence  of  temperature  on  postinductive  growth,  flower- 
ing of  White  Federation  38  at  long  photoperiods  is  actually  promoted  by 
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high  temperatures.  The  relative  insensitvity  of  Chinese  to  both  photo- 
period  and  temperature  during  all  phases  of  development  and  the  strong- 
accelerating  effect  of  long  days  and  warm  temperatures  on  the  growth 
of  White  Federation  38  results  in  Chinese  being  the  earlier  of  the  two 
varieties  under  short  day — cool  temperature  conditions  and  White 
Federation  38  being  the  earlier  in  a  long  day — warm  temperature  en- 
vironment. 

The  Influence  of  the  Length  of  the  Dark  Period  on  the  Development 
of  Spring  Wheat.  George  A.  Gries,  J.  A.  Riddell  and  Forest  W. 
Stearns,  Purdue  University. — Spring  wheat  plants  flower  earlier  when 
the  daily  light-dark  cycle  is  divided  into  several  cycles  in  which  the  same 
ratio  of  light  to  dark*  is  maintained.  This  earliness  is  apparently  the 
result  of  the  shortening  of  the  dark  period  since  brief  night  interruptions 
are  also  effective  in  reducing  the  time  to  flowering,  whereas  day  interrup- 
tions are  without  effect.  The  shortening  of  the  dark  period  results  in  the 
differentiation  of  few  vegetative  nodes  prior  to  induction.  Earlier 
flowering  is  primarily  the  result  of  the  shorter  time  required  for  those 
plants  with  fewer  nodes  to  complete  postinductive  development. 

Host-Parasite  Relations  of  Corn  Infected  with  Helminthosporium 
carbonum  Race  I.  Peter  R.  Jennings  and  Arnold  J.  Ullstrup,  Purdue 
University. — Spore  germination  and  initial  stages  of  infection  were 
similar  on  leaves  of  both  susceptible  and  resistant  single  crosses,  sug- 
gesting that  resistance  was  manifested  only  after  penetration.  Extensive 
invasion  and  killing  of  susceptible  mesocotyl  and  tassel  neck  tissues  were 
unaccompanied  by  host  reactions  or  disintegration.  Mycelium  ramified 
rapidly  through  thin-walled  tissues  which  subsequently  supported  abun- 
dant sporulation.  Comparable  resistant  tissues  showed  immediate  cellular 
collapse  resulting  in  shallow  pit  formation  about  penetration  sites. 
Hyphae  were  completely  inhibited  shortly  after  penetration  of  a  few 
epidermal  and  cortical  cells.  Lignitubers,  formed  in  response  to  penetra- 
tion of  both  susceptible  and  resistant  mesocotyl  tissue,  did  not  impede 
fungus  progression.  Susceptible  leaves  showed  heavy  host-staining  re- 
actions and  cellular  collapse  in  advance  of  the  fungus  resulting  in 
prominent  lesions.  Hyphae  completely  parasitized  the  chlorenchyma 
about  the  penetration  site  but  did  not  extend  to  lesion  borders.  Resistant 
leaves  reacted  to  penetration  with  the  formation  of  minute  chlorotic 
flecks.  Hyphae  growth  was  rapidly  inhibited  in  penetrated  epidermal 
cells  but  the  hyphae  remained  viable  for  at  least  60  days.  Small,  round  to 
pear-shaped,  safranin-stained  droplets  of  unknown  composition  were 
consistently  deposited  in  all  parasitized  resistant  tissues.  The  absence 
of  any  morphological  barriers  in  response  to  penetration  of  resistant 
tissues  suggested  that  the  nature  of  resistance  of  corn  to  H.  carbonum 
is  biochemical  and  not  mechanical. 

The  Comparative  Anatomy  of  Windowed  Leaves  of  Some  South 
African  Succulents.  John  A.  Jump,  University  of  Notre  Dame. — An  ex- 
ample of  convergent  evolution  is  found  in  the  windowed  leaves  of  some 
South  African  species  of  Haworthia,  Kleinia,  and  Lithops  and  some  of  its 
co-familial   genera.    These   plants   belong   respectively  to   the   Liliaceae, 
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Compositae  and  Mesembryanthemaceae.  The  windows  of  Haworthia, 
Kleina  and  some  species  of  Lithops  are  formed  by  the  extension  of  the 
central  aqueous  tissue  to  areas  of  the  epidermis.  The  window  functions 
as  a  means  of  increasing  the  amount  of  light  available  to  the  chloren- 
chyma  regions  which  are  subterranean  or  otherwise  unfavorably  placed. 
Subepidermal  lens  cells  provide  additional  internal  illumination  for  the 
leaves  of  some  species  of  Lithops.  These  miniature  windows  are  regarded 
as  a  completely  distinct  light-gathering  adaptation  and  not  as  a  stage 
in  the  evolution  of  the  large  window.  The  distribution  of  lens  cells  and 
chlorenchyma  in  Pleiospilos,  in  conjunction  with  its  known  habitat,  indi- 
cates that  this  genus  also  should  be  regarded  as  possessing  a  type  of 
windowed  leaf.  The  main  vascular  bundles  in  Kleinia,  and  Haworthia 
are  symmetrically  placed  in  the  chlorenchyma,  close  to  the  sides  of  the 
leaves.  Fenestraria  and  Frithia  show  a  large  central  strand  which  gives 
off  branches  as  it  passes  up  the  center  of  the  aqueous  tissue,  while 
Lithops  exhibits  several  large  strands  arranged  in  a  semicircle  toward  the 
periphery  of  the  aqueous  tissue.  Stomata  are  absent  from  the  window 
area  of  all  species  examined,  except  for  occasional  deeply  sunken 
stomata  in  Fenestraria,  although  they  may  be  quite  abundant  im- 
mediately adjacent  to  the  window.  The  epidermal  cells  in  Kleinia  and 
Haworthia  show  comparatively  little  xeromorphic  specialization  but  the 
windowed  leaves  of  the  Mesembryanthemaceae  show  great  variation 
among  the  genera  in  their  epidermal  anatomy.  A  rather  unspecialized 
epidermis  is  found  in  Fenestraria.  Frithia  has  an  epidermis  composed  of 
large,  bladder-like  water  storage  cells.  The  epidermal  cells  of  Lithops 
usually  show  prominent  caps  of  cellulose  which  in  turn  may  have  a 
papillate  cap  of  cutin.  In  general  the  cuticle  of  these  leaves  is  not 
especially  thick.  In  view  of  the  structure  and  function  of  these  leaves 
the  adjective  fenestrate  would  seem  to  apply  to  them  more  aptly  than  to 
perforate  leaves  such  as  Monstera  for  which  it  is  also  commonly  used. 

Cellulose  Fibrils  in  Meristematic  Cells.  J.  J.  Nesbitt  and  A.  T. 
Guard,  Ball  State  Teachers  College  and  Purdue  University. — The  true 
nature  of  cellulose  in  plant  cell  walls  could  only  be  postulated  until  the 
electron  microscope  was  developed.  Investigations  with  this  instrument 
revealed  that  cellulose  exists  in  the  form  of  long  fibrils  which  are 
250  -  400A°  in  thickness.  Fibrils  in  primary  walls  have  been  reported 
to  be  intertwined  with  no  particular  orientation,  while  fibrils  of  secondary 
walls  are  supposed  to  be  arranged  parallel  to  one  another. 

A  new  method  of  specimen  preparation  has  been  developed  which 
makes  possible  the  study  of  cell  walls  of  serial  sections.  When  root  tips 
of  corn  were  examined,  the  apical  cells  were  found  to  possess  the  type 
of  fibril  orientation  heretofore  described  as  characteristic  only  of  second- 
ary walls. 

Forest  Communities  of  Versailles  State  Park,  Indiana.  Forest 
Stearns,  Purdue  University. — Four  stands  lying  within  the  boundaries 
of  Versailles  State  Park  were  studied  using  the  random  pairs  method. 
These  stands  represent  several  successional  stages  and  in  addition  show 
the  influence  of  varying  topographic  conditions.  The  composition  of  the 
arboreal  layer  is  characterized  briefly  in  the  following  table. 
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Stand 

Young  stand 
"Flats"  type 
Poorly  drained. 
Older  stand 
"Flats"  type. 


Mixed  hard- 
wood on  south- 
west slope. 


Dominant  Species     Trees  per  Acre 

Acer  rubram  67 

Liquidamber 

styraciflua 

Acerrubrum  236 

Fag  as  grandifolia 

Quercus  alba 

Carya  ovata 

Acer  saccharum  191 

Quercus  rubra 

Carya  cordiformis 

Carya  glabra 

Acer  saccharum  122 

Fagus  grandifolia 


Basal  Area  per 
Acre  in  sq.  ft. 

9.9 


191.8 


101.1 


160.4 


Tree  species 
Present 

10 


1(5 


22 


18 


Oldgrowth 
forest  on  level 
well  drained 
residual  soil. 

These  data  are  presented  to  supplement  work  published  in  1950  by 
Dr.  John  E.  Potzger. 


Hardwood  Tree  Planting  on  Strip  Mine  Spoil  Banks 

Daniel  DenUyl,  Purdue  University 

In  1949  the  Purdue  University  Agricultural  Experiment  Station, 
in  cooperation  with  the  Indiana  Coal  Association,  started  an  experimental 
project  to  determine  which  hardwood  species  would  be  most  desirable 
for  tree  planting  on  the  spoil  banks.!  A  series  of  eleven  5-acre  plots 
were  established  in  the  spring  of  1949.  The  experimental  plots  were 
set  up  so  that  the  progress  of  individually  marked  sample  trees  could 
be  checked. 

Ten  hardwood  species  were  selected  to  be  tested  on  the  experimental 
plots.  They  were  as  follows: 

Ailanthus  Ailanthus  altissima  Mill. 

Ash,  Green  Fraxinus  pennsylvanica  var.  subintegerrima 

(Vahl)  Fern. 

Cottonwood  Populus  deltoides  Marsh. 

Gum,  Sweet  Liquidambar  styraciflua  L. 

Locust,  Black  Robinia  pseudoacaccia  L. 

Maple,  Red  Acer  rubrum  L. 

Maple,  Silver  Acer  saccharinum  L. 

Poplar,  Tulip  Lireodendron  tulipif era  L. 

Sycamore  Platanus  occidentalis  L. 

Walnut,  Black  Juglans  nigra  L. 

Planting  diagrams  were  designed  so  that  nine  of  the  ten  species 
tested  would  be  planted  both  in  pure  blocks  and  in  mixture  with  black 
locust.    The  tenth  species — sweet  gum — was  planted  only  in  pure  stands. 

The  planting  stock  consisted  of  1  year  old  seedlings  except  sycamore 
which  were  large  2  year  seedlings.  Every  fifth  tree  in  the  experimental 
plots  was  marked  as  a  sample  tree  with  a  numbered  aluminum  tag 
attached  to  a  wire  pin. 

Seven  survival  checks  have  been  made  on  the  plots. 

Character  of  the  Spoil  Banks 

One  of  the  major  problems  encountered  when  trees  are  planted  on 
the  spoil  banks  is  the  spoil  itself.  Much  has  been  written  about  the 
various  kinds  of  spoil  banks  and  it  is  generally  accepted  that  the  spoil 
itself,  regardless  of  the  kind  of  equipment  used  in  the  mining  process,  is 
extremely  variable. 

In  considering  the  effects  of  acidity  on  planted  trees,  three  broad 
ranges,  based  on  pH  values,  are  generally  used.   These  are: 
Calcareous — pH  is  7.0  or  more 
Acid— pH  is  from  4.0  to  6.9 
Toxic — pH  is  less  than  4.0 
The    acidity    of    spoil    banks   varies   with    stripping    operations.     In 
some  cases  the  overturned  strata  consists  of  a  comparatively  uniform 
mixture;   in  others  the  mixture  will  be  variable.    Spoil  banks  entirely 
calcareous,  acid  or  toxic  are  not  common. 

1.  DenUyl,  Daniel,  1955.  Hardwood  Tree  Planting  Experiments  on  Strip  Mine 
Spoil  Banks  of  Indiana,  Purdue  University  Agricultural  Experiment  Station  Bull. 
619. 
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A  classification  of  spoil  banks  for  tree  planting  purposes  and  recog- 
nizing these  varying  conditions  of  surface  material  acidity  has  been 
presented  by  Limstrom2.    The  general  classification  is: 

Acid  banks — More  than  50  percent  of  these  banks  is  acid. 

Calcareous  banks — More  than  50  percent  of  surface  area  is  cal- 
careous. 

Mixed  banks — As  the  name  indicates,  these  banks  are  so  mixed 
that  no  acidity  class  is  predominant.  By  definition,  less  than  51  percent 
of  the  area  is  acid,  less  than  51  percent  calcareous,  and  less  than  50 
percent  toxic.  In  other  words,  patches  of  toxic,  acid  and  calcareous 
areas  are  about  equal  in  size,  and  of  such  proportions  that  the  area 
cannot  be  placed  in  any  of  the  foregoing  classes. 

Four  general  types  of  spoil  are  recognized  by  those  associated  with 
spoil  bank  revegetation.  The  most  extensive  group  of  spoil  is  that 
composed  of  a  mixture  of  clay  and  silt  loams,  associated  with  much 
coarse  rock  and  shale.  Most  of  the  experimental  plots  were  established 
in  this  group  of  spoil.  Consequently,  the  results  of  the  experiments  are 
primarily  applicable  to  this  kind  of  spoil.  The  other  groups  include  the 
sands,  glacial  tills  and  sedimentary  material. 

Results 

In  evaluating  the  results  of  the  experimental  plantings  at  the  end 
of  five  growing  seasons,  four  factors  are  considered:  (1)  survival  of 
trees;  (2)  height  growth  of  planted  trees;  (3)  form  of  trees;  (4)  type 
of  spoil. 

When  the  combined  factors  of  tree  survival,  height  growth,  tree 
form  and  character  of  spoil  banks  are  used  as  the  basis  for  judging 
the  success  or  failure  of  planted  hardwood  seedlings,  then  the  species 
fall  into  two  broad  groups,  (1)  species  generally  adapted  for  spoil  bank 
planting,  and  (2)  species  whose  use  is  limited  for  spoil  bank  planting. 

On  the  basis  of  their  records  on  the  experimental  plots,  each  of  the 
ten  species  characteristics  are  summarized.  These  summaries  should  be 
considered  representative  of  seedling  growth  for  the  period  1949-1953 
inclusive.  Five  years  is  a  comparatively  short  time  to  use  in  describing 
the  growth  characteristics  of  any  tree  because  factors  of  climate  during 
the  coming  years  may  reveal  that  these  were  only  initial  survival  and 
growth  responses. 

Species  Generally  Adapted  for  Spoil  Bank  Planting 

ASH,  GREEN 

Green  ash  has  shown  excellent  survival  on  all  except  the  most  acid 
spoils.  On  the  calcareous  spoil  its  survival  is  about  90  percent — both  in 
pure  stands  and  in  mixture  with  black  locust.  On  the  more  acid  spoil 
its  average  survival  is  75  percent. 

Early  height  growth  is  best  in  black  locust  mixtures  on  calcareous 
spoil   where   the   5-year-old   trees   have   attained   an   average   height   of 


2.  Limstrom,  G.  A.,  1948.  Extent,  Character  and  Forestation  Possibilities  of 
Land  Stripped  for  Coal  in  the  Central  States.  Central  States  Forest  Experiment 
Station  Technical  Paper  No.  109. 
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about  7  feet.  In  pure  stands  on  the  acid  spoil  average  total  height 
growth  attained  by  the  green  ash  is  about  4  feet  compared  to  an 
average  height  of  6  feet  on  the  less  acid  spoil. 

In  pure  plantings  topographic  position  seems  to  have  no  influence 
on  its  height  growth.  In  mixture  with  black  locust,  the  best  height 
growth  occurs  on  the  lower  slopes  and  bottoms  where  5-year-old  trees 
average  7  feet  in  height. 

The  terminal  shoots  of  green  ash  have  the  tendency  to  die  back 
and  the  two  branches  at  the  next  node  become  leaders.  Multiple  stems 
occur  more  frequently  in  pure  stands  than  in  green  ash-black  locust 
mixture.  Compared  with  the  other  hardwood  species  that  were  tested, 
the  form  of  green  ash  is  better  than  average. 

A  disease,  tentatively  identified  as  diplodia  canker,  has  been  observed 
on  about  5  percent  of  the  green  ash  sample  trees.  The  damage  to  the 
planted  trees  seems  to  be  very  slight. 

Green  ash  appears  to  be  one  of  the  most  desirable  hardwoods  for 
planting  on  spoil  banks. 

COTTONWOOD 

Cottonwood  survives  best  in  pure  plantings  on  spoil  which  is  entirely 
or  mostly  free  of  toxic  areas.  On  similar  spoil  the  survival  of  cotton- 
wood  is  less  when  grown  in  mixture  with  black  locust  than  in  pure 
plantings.    Survival  on  acid  spoils  is  about  50  percent. 

Average  height  growth  in  pure  stands  is  much  like  that  of  cotton- 
wood  grown  in  mixture  with  black  locust.  It  attains  its  best  height 
growth  on  calcareous  spoil. 

The  form  of  cottonwood  is  slightly  better  in  mixture  with  black 
locust  than  in  pure  stands.  There  are  about  10  percent  more  single 
stemmed  trees  in  the  mixed  stand. 

A  disease  which  has  been  observed  on  10  percent  of  the  surviving 
sample  trees  has  been  tentatively  identified  as  Valsa  canker.  The  in- 
cidence of  this  disease  is  most  frequent  on  acid  spoil. 

The  twig  pruner  has  been  observed  working  on  the  cottonwood.  This 
insect  injures  the  trees  by  chewing  off  the  new  shoots. 

Cottonwood  is  one  of  the  best  hardwoods  for  spoil  bank  planting 
when  planted  in  pure  stands  on  calcareous  spoil. 

GUM,  SWEET 

Sweet  gum  has  the  best  survival  and  height  growth  on  the  spoils 
which  are  rather  acid  but  not  so  acid  as  to  be  toxic.  On  calcareous  or 
slightly  acid  spoil  which  support  dense  stands  of  sweet  clover  or  other 
vegetation,  sweet  gum  has  the  lowest  survival  and  poorest  height  growth. 

The  height  growth  of  sweet  gum  seedlings  during  the  first  2  years 
following  planting  is  very  poor  but  the  trees  that  survive  are  persistent 
growers.  Height  growth  averages  from  1  to  2  feet  per  year  after  this 
early  period  of  comparatively  little  growth. 

The  form  of  sweet  gum  is  generally  very  good,  as  many  have  a 
single  stem.  Compared  to  the  other  species  tested,  its  form  rated  above 
that  of  all  species  except  sycamore. 
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Sweet  gum  in  mixture  with  black  locust  was  not  tested  on  the 
experimental  plots.  However,  studies  of  some  1946  plantings  of  sweet 
gum  in  both  pure  stands  and  in  black  locust  mixture  on  comparable 
spoil  show  that  it  attains  its  best  growth  in  mixture  with  black  locust. 

Sweet  gum  appears  to  be  a  species  that  can  be  planted  on  many- 
acid  spoils  in  mixture  with  black  locust  or  in  pure  stands. 

BLACK  LOCUST 

Of  the  ten  species  tested  on  the  experimental  plots,  black  locust 
has  the  best  overall  record  of  survival,  height  growth  and  capacity  to 
grow  on  all  but  toxic  spoil.  Its  tendency  to  develop  multiple  stems  places 
it  last  on  the  form  rating  list  of  the  ten  species  tested. 

Black  locust  has  survived  and  grown  on  adverse  sites,  erosive  slopes 
and  exposed  ridge  tops.  It  has  survived  on  acid  areas  where  the  other 
hardwoods  failed  to  grow.  It  will  not  tolerate  extremely  acid  spoils  nor 
areas  that  are  very  poorly  drained. 

The  locust  borer  (Megacyllene  robiniae)  attacks  most  of  the  planted 
trees  and  apparently  few  trees  will  grow  to  fence  post  size.  On  the 
plots  about  80  percent  of  the  locust  have  been  attacked  by  the  borer. 

Species  like  silver  maple,  black  walnut  and  tulip  poplar  develop 
better  form  when  grown  in  mixture  with  black  locust.  The  form  of  other 
species  appears  to  be  little  influenced  by  being  planted  in  mixture  with 
black  locust. 

Black  walnut  and  tulip  poplar  attained  their  best  total  height  growth 
in  mixture  with  black  locust.  Black  locust  is  best  suited  for  establishing 
quick  tree  cover  on  spoils  where  other  species  would  fail  to  become 
established.  It  may  also  have  a  place  in  the  mixed  hardwood  planting 
even  though  the  studies  did  not  reveal  the  best  mixture  to  use. 

SILVER  MAPLE 

Silver  maple  planted  on  the  experimental  plots  has  survived  and 
grown  fairly  well  on  most  spoil.  It  has  survived  best  and  attained  its 
maximum  height  growth  on  calcareous  spoil.  On  acid  spoil  its  survival 
and  height  growth  are  influenced  by  topographic  position,  with  trees  on 
slopes  and  bottoms  showing  the  best  development. 

On  similar  spoil  its  survival  and  height  growth  are  essentially  the 
same  whether  it  is  grown  in  pure  stands  or  in  a  black  locust  mixture. 

Silver  maple  has  the  tendency  to  develop  multiple  stems.  Compared 
with  other  hardwoods  planted  on  the  plots  in  pure  stands  exclusive  of 
black  locust,  silver  maple  had  the  smallest  percentage  of  single-stemmed 
trees.  In  black  locust  mixture  there  are  24  percent  more  single-stemmed 
trees  than  occur  in  pure  stands. 

Silver  maple  can  be  planted  on  most  spoil  banks  except  on  toxic 
portions  of  mixed  spoil.  Its  multiple  stem  growth  is  not  desirable;  this 
tendency  may  be  partly  offset  by  planting  it  in  mixture  with  black  locust. 
SYCAMORE 

The  survival  and  height  growth  of  sycamore  is  good  on  all  but  the 
most  acid  spoil.  At  the  end  of  five  growing  seasons  the  survival  of 
sycamore  is  best  in  the  bottoms  on  the  calcareous  spoil. 

Sycamore  appears  to  grow  best  in  pure  stands.  Its  survival  and 
height  growth  tend  to  be  poorer  in  black  locust  mixtures. 
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The  form  of  sycamore  is  generally  good  both  in  pure  plantings  and 
jn  mixture  with  black  locust.  The  multiple  stems  that  do  occur  are 
usually  caused  by  anthracnose. 

Anthracnose  (Gnomonia  veneta)  has  attacked  some  of  the  planted 
sycamore.  It  has  caused  some  mortality  and  has  deformed  some  trees 
by  killing  the  main  stem  which  in  turn  promotes  sprouting. 

Sycamore's  generally  good  survival,  rapid  height  growth  and  single 
stem  growth  makes  it  a  very  good  species  for  planting  on  most  spoil 
banks. 

Species  With  Limited  Use  for  Spoil  Bank  Planting 
AILANTHUS 

The  5-year  record  of  this  species  on  the  experimental  plots  would 
exclude  it  from  the  list  of  species  generally  suitable  for  spoil  bank 
planting.  A  few  trees  on  portions  of  the  machine  trail  area  have 
attained  comparatively  good  total  height  growth.  However,  most  of 
these  trees  have  not  survived  nor  have  the  survivors  grown  well  on 
the  spoil  banks. 

RED  MAPLE 

The  survival  of  red  maple  in  both  pure  and  mixed  stands,  when 
compared  with  most  of  the  other  hardwoods  tested,  is  poor. 

Although  a  few  individual  trees  attained  a  height  of  10  feet,  most 
of  the  5-year-old  trees  are  about  4  feet  in  height. 

The  form  of  red  maple  on  the  basis  of  the  percentage  of  single 
"stemmed  trees  occurring  in  both  pure  and  mixed  stands  places  it  close 
to  the  bottom  of  the  list  of  the  species  tested. 

Its  overall  record  would  exclude  it  from  the  list  of  species  generally 
adapted  for  planting  on  spoil  banks. 

POPLAR,  TULIP 

The  survival  and  height  growth  record  of  this  species  on  the  experi- 
mental plots  is  such  that  it  is  excluded  from  the  list  of  species  generally 
adapted  for  spoil  banks.  Even  its  best  record  on  Plot  3,  when  compared 
with  the  other  species  tested,  very  much  restrict  the  use  of  tulip  poplar. 
Its  overall  survival  record  is  next  to  the  poorest  of  the  10  species  tested. 

Because  it  is  a  very  desirable  species,  it  may  have  very  limited 
use  in  spoil  bank  planting.  Its  planting  should  be  confined  to  the  very 
best  spoil  of  the  calcareous  and  acid  spoil  groups. 

WALNUT,  BLACK 

A  few  individual  trees  have  made  fairly  good  height  growth  where 
walnut  seedlings  were  planted  in  mixture  with  black  locust.  However, 
most  of  the  planted  seedlings  have  grown  very  little  in  height. 

The  record  of  black  walnut  seedlings,  when  compared  with  the  other 
nine  hardwoods  tested,  warrants  black  walnut's  exclusion  as  a  species 
to  be  generally  planted  on  spoil  banks. 

Since  it  is  a  very  desirable  species,  its  planting  should  be  restricted 
to  calcareous  spoils.  It  should  be  planted  in  mixture  with  black  locust 
where  it  will  show  fair  survival  and  height  growth,  especially  on  lower 
slopes  and  bottoms. 


Growth  Responses  of  Regnellidium  diphyllum  Sporelings  to 
Variations  in  the  Concentration  of  the  Nutrient  Solution1 

William  W.  Bloom 
Valparaiso  University,  Valparaiso,  Indiana 

Ferns  have  not  been  used  extensively  in  studies  of  plant  nutrition. 
Culturing  the  gametophytes  to  maturity  is  often  difficult  and  slow  and 
growth  of  the  sporeling  is  relatively  slow.  Some  experimental  studies 
have  been  conducted  using  suitable  solutions  for  germinating  spores  and 
for  growing  gametophytes,  but  sporophytes  of  ferns  seldom  have  been 
grown  in  nutriculture.  Azolla  has  been  used  for  limited  nutritional 
studies.  Allsopp  (1,  2,  3)  has  employed  species  of  Marsilea,  using  aseptic 
methods,  to  study  carbohydrate  utilization  and  the  effects  of  starvation 
upon  the  morphological  and  growth  responses  of  the  plants. 

In  some  studies  on  the  nutritional  requirements  of  the  tropical 
water  fern,  Regnellidium  diphyllum  Lindm.,  it  was  first  desirable  to 
know  more  about  the  essential  range  of  concentrations  of  the  nutrient 
solution  suitable  for  growing  this  plant.  The  work  reported  here  was 
one  of  several  avenues  of  investigation  pursued  to  find  out  more  about 
its  optimal  growth  requirements. 

General  Methods 

The  experimental  plant,  Regnellidium  diphyllum  Lindm.,  is  a  mo- 
notypic  genus,  one  of  the  largest  members  of  the  Marsileaceae.  Its 
anatomy  is  discussed  fully  by  Smith  (6)  and  Eames  (4).  As  with  other 
members  of  the  Marsileaceae,  the  spores  are  produced  in  sporocarps, 
which  contain  both  microspores  and  megaspores.  A  single  sporocarp  may 
contain  over  240  megaspores. 

Culture  solutions.  To  secure  a  suitable  range  of  nutrient  solutions 
for  experimental  purposes,  the  dilution  method  used  by  Voth  (7)  for 
Marchantia  polymorpha  was  used.  Solution  number  1  was  approximately 
twice  the  usual  strength  of  the  nutrient  solutions  in  common  use.  Solution 
number  2  was  the  same  strength  as  the  usual  solutions.  Each  successive 
dilution  was  one-half  of  the  previous  solution  so  that  solution  number 
ten  was  one-two  hundred  fifty-sixth  (1/256)  of  the  usual  concentration 
used  in  nutriculture  of  higher  plants. 

Individual  sporophytes  were  cultured  separately  in  glass  vials  20 
mm.  in  diameter  and  85  mm.  deep.  Twenty  milliliters  of  nutrient  solu- 
tion were  used  in  each  vial.  Ten  replicates  of  each  of  the  10  Voth  solu- 
tions and  of  de-ionized  distilled  water  were  employed.  The  vials  were 
placed  in  a  covered  aquarium  to  maintain  a  high  humidity  over  the  plants 
and  a  temperature  of  26°  (±1°)  was  maintained.  A  13  hour  photoperiod 
was  provided  by  means  of  two  20  watt  fluorescent  tubes  which  provided 
about  300  foot-candles  at  the  level  of  the  plants. 


1.     This  work  was  supported  in  part  by  a  grant  from  the  Dr.  Wallace  C.  and 
Clara  A.  Abbott  Memorial  .Fund  of  the  University  of  Chicago. 
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One  sporocarp,  harvested  in  1943  by  Dr.  Paul  D.  Voth  of  the  Depart- 
ment of  Botany  of  the  University  of  Chicago  from  material  grown  in 
the  university  greenhouses,  was  germinated  on  Dec.  11,  1953.  Develop- 
ment of  the  gametophytes  and  of  the  embryo  sporophytes  proceeded  so 
rapidly  that  individual  plants  could  be  transferred  with  forceps  to  the 
nutrient  solutions  on  December  18.  Thus,  in  one  week,  spores  germinated, 
both  kinds  of  gametophytes  matured,  fertilization  ensued  and  the  young 
sporophyte  (sporeling)  was  well  established.  Observations  were  made 
from  time  to  time  and  recorded.  Plants  were  harvested  on  February  4, 
1954,  and  dried  in  an  80°C  gravity  oven,  and  dry  weights  determined. 

Results 

Some  plants  were  injured  during  the  transfer  operations  and  showed 
early  signs  of  necrosis.  Uninjured  plants  showed  steady  and  uniform 
growth  in  each  solution.  The  flask  used  to  prepare  solution  number  5 
apparently  retained  some  toxic  substance  in  spite  of  careful  washing 
and  repeated  rinsing  with  distilled  water.  All  the  plants  transferred  to 
this  solution  soon  showed  signs  of  necrosis.  This  solution  will  be  omitted 
in  the  treatment  of  the  results. 

Regardless  of  the  concentration  of  the  nutrient  supply  and  size  of 
the  plants,  the  sequence  of  appearance  of  the  leaflets  was  fairly  uniform 
in  all  but  the  last  two  solutions.  Plants  in  solutions  1  to  7  had  all 
produced  8  leaflets  by  January  20,  1954.  Those  in  solutions  8  and  9  had 
produced  7  leaflets.  Plants  in  solution  10  had  produced  6  leaflets  and  in 
de-ionized  distilled  water  5  leaflets. 

The  differences  in  gross  morphology  were  quite  apparent.  Plants  in 
solution  1  had  the  coarsest  leaves  and  roots.  The  roots  were  the  shortest 
of  any  of  the  solutions,  including  de-ionized,  distilled  water.  As  solutions 
became  more  dilute  the  roots  became  longer  and  finer  and  reached  the 
maximum  length  in  solution  6.  From  solutions  7  to  10  the  roots  became 
progressively  shorter  and  finer.  The  roots  in  de-ionized  distilled  water 
were  fewer  in  number,  fine  and  short. 

Figure  la  illustrates  the  general  characteristics  of  a  plant  grown 
in  solution  1.  Figure  lb  illustrates  the  longer  roots  produced  by  plants 
in  solution  3.  Figure  lc  demonstrates  the  long  roots  produced  in  solution 
6.  Figure  Id  illustrates  the  overall  reduction  in  plant  size  in  the  highest 
dilution  of  the  nutrient,  solution  10. 

The  dry  weights  of  the  plants  show  a  steady  decline  after  solution 
3  as  the  nutrient  solutions  in  which  they  were  grown  became  more  dilute. 
The  dry  weights  ranged  from  2.6  mg.  per  plant  in  solution  1  and  3  to 
0.7  mg.  in  solution  10.  The  only  solution  which  did  not  fit  this  pattern 
was  solution  2.  Plants  grown  in  solution  2  averaged  0.6  mg.  less  per  plant 
than  those  in  solutions  1  and  3.  This  could  possibly  be  an  experimental 
error  rather  than  a  pronounced  effect  of  the  nutrient  solution  itself. 

Discussion 

As  with  higher  plants,  it  is  difficult  to  determine  the  individual 
factors  responsible  for  the  reduced  growth  in  higher  dilutions  of  the 
nutrient.    As  the  amount  of  a  particular  nutrient  diminished  with  dilu- 
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Figure  1.    a.  Plant  grown  in  solution  1.    b.   Plant  grown  in  solution  3.    c.  Plant 
grown  in  solution  6.    d.  Plant  grown  in  solution  10. 
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tion,  the  growth  responses  may  even  be  the  result  of  a  deficiency  of  a 
single  element,  such  as  nitrogen. 

The  results,  while  based  on  a  limited  sample,  suggest  that  a  range 
of  concentration  of  nutrients  between  double  that  of  the  usual  nutrient 
solution  and  one-half  the  usual  nutrient  would  support  vigorous  growth 
of  this  fern.  This  assumption  was  further  tested  by  transplanting 
cuttings  to  larger  2  gallon  glazed  containers,  containing  loam  soil  or 
washed  quartz  sand.  Water  was  maintained  over  the  soil  at  a  depth  of 
140  mm.  Full  strength,  half -strength,  or  one-quarter  strength  Hoaglands' 
number  1  (5)  solution  was  maintained  to  a  depth  of  140  mm.  over  the 
quartz  sand.  The  full  and  half-strength  solutions  produced  growth  very 
similar  to  that  produced  on  loam  soil.  In  view  of  these  results,  experi- 
ments that  followed  were  conducted  in  nutrient  solutions  similar  in  total 
concentration  to  Hoagland's  number  1  solution. 

Literature  Cited 

1.    Allsopp,  A.    1952.   Experimental  and  analytical  studies  of  pteridophytes.  XVII. 

The  effect  of  various  physiologically  active  substances  on  the  development  of 

Marsilea  in  sterile  culture.   Ann.   Bot.   n.s.   16:    165-183. 
2. — .     1953.     Experimental   and    analytical    studies    of    pteridophytes. 

XIX.    Investigations  on  Marsilea.    Induced  reversion  to  juvenile  stages.    Ann. 

Bot.  n.s.  17:  37-55. 

3.    .     1953.     Experimental    and    analytical   studies    of   pteridophytes. 

XXI.    Investigations  on  Marsilea.    3.  The  effect  of  various  sugars  on  develop- 
ment and  morphology.    Ann.  Bot.  n.s.  17:  447-463. 

4.  Eames,   A.   J.     1936.    Morphology   of  the  vascular  plants,   lower  groups.    Mc- 
Graw-Hill, New  York. 

5.  Hoagland,    D.    R.,    and   Arnon,    D.    L.     1950.     The   water-culture   method   for 
growing  plants  without  soil.  Univ.  Calif.  Agr.  Expt.  Stat.  Circ.  347. 

6    Smith,  G.  M.    1955.    Cryptogamic  botany,  vol.  II:  McGraw-Hill,  New  York. 
7.    Voth,  P.  D.    1943.    Effect  of  nutrient  solution  concentration  on  the  growth  of 
Marchantia  polymorpha.    Bot.  Gaz.  104:  591-601. 


CHEMISTRY 

Chairman :  John  A.  Buehler,  Anderson  College 
Donald  J.  Cook,  DePauw  University,  was  elected  chairman  for  1956 


ABSTRACTS 

A  Study  of  the  Acid-catalyzed  Deearbonylation  of  2,4,6-Trimethoxy- 
benzaldehyde.  Howard  Burkett,  DePauw  University. — The  rates  at 
which  2,4,6-trimethoxybenzaldehyde  undergoes  loss  of  the  aldehyde  group 
in  1  to  70%  aqueous  perchloric  acid  solutions  have  been  determined  at 
four  different  temperatures.  Except  in  the  highest  acid  concentration, 
the  first-order  rate  plots  are  linear.  Since  the  concentration  of  aldehyde 
was  very  low,  this  does  not  necessarily  indicate  the  reaction  to  be 
unimolecular.  The  rate  constants  increase  with  increasing  acid  concen- 
tration to  about  36%  perchloric  acid  then  decrease.  The  pKa  of  2,4,6- 
trimethoxybenzaldehyde  is  -1.92.  The  aldehyde  is  essentially  unionized 
(to  its  conjugate  acid)  in  20%  perchloric  acid,  approximately  one-half 
ionized  in  37%  perchloric  acid  and  essentially  completely  ionized  in  48% 
acid.  These  results  are  inconsistent  with  Hammett's  unimolecular  mech- 
anism and  with  a  bimolecular  mechanism.  The  data  may  be  explained  by 
a  "steady  state"  unstable  intermediate  in  a  bimolecular  process  or  by  a 
termolecular  mechanism. 

The  Testing  Program  of  the  Division  of  Chemical  Education  of  the 
American  Chemical  Society.  Edward  L.  Haenisch,  Wabash  College. — 
One  or  more  tests  of  the  objective  type  are  now  offered  in  general 
chemistry,  qualitative  analysis,  quantitative  analysis,  organic,  physical 
and  biochemistry.  These  tests  are  constructed  by  committees  in  collabo- 
ration with  professors  actively  teaching  the  courses.  Over  fifty  people 
were  involved  in  the  construction  of  the  most  recent  edition  of  the 
physical  chemistry  test.  Norms  are  available  for  all  tests.  It  is  esti- 
mated that  over  75,000  students  took  one  or  more  of  the  tests  during  the 
1954-1955  academic  year.  All  tests  are  constantly  being  prepared  in 
new  forms  and  the  work  is  expanding  into  the  field  of  secondary  school 
chemistry. 

Physiological  Action  of  Sulfonated  Proteins.  H.  C.  Reitz  and  A.  G. 
Jose,  Jr.,  Purdue  University. — This  paper  reports  the  in  vivo  action  of 
sulfonated  casein  in  the  white  rat  and  sulfonated  soybean  protein  in  the 
rabbit.  These  protein  derivatives  prepared  by  the  method  of  Reitz  et  al. 
were  tested  for  in  vivo  anti-coagulant  activity  by  the  Lee-White 
clotting  time  test.  Sulfonated  casein  was  injected  into  rats  by 
cardiac  puncture  so  as  to  give  levels  of  50,  75,  and  100  mg./kg.  of 
body  weight.  Blood  coagulation  times  were  taken  hourly  for  five  hours 
on  both  the  injected  and  on  normal  uninjected  animals.  At  the  50  mg. 
level  coagulation  times  were  twice  normal  within  two  hours  but  fell  to 
normal  at  the  end  of  five  hours.  At  the  75  mg.  level  coagulation  times 
were  three  times  normal  within  one  hour  and  were  still  twice  normal 
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after  five  hours.  The  effect  of  the  75  and  100  mg.  levels  were  similar 
except  that  at  the  higher  level  no  animal  survived  for  five  hours. 

The  same  method  was  used  for  the  determination  of  the  anticoagu- 
lant effect  of  sulfonated  soybean  protein  in  the  rabbit  as  was  used  for 
rats  except  the  sulfonated  protein  was  administered  by  venipuncture  on 
a  marginal  ear  vein.  Studies  were  made  at  levels  of  5,  15,  and  25  mg./kg. 
of  body  weight.  A  species  difference  was  demonstrated  in  that  the  coagu- 
lation time  of  rabbits  was  found  to  be  prolonged  from  a  normal  range 
of  8  to  14  minutes  to  a  value  of  300  minutes  at  the  25  mg.  level  within 
one  hour.  The  15  mg.  level  gave  a  coagulation  time  of  120  minutes 
within  one  hour  while  the  5  mg.  level  showed  no  effect.  Coagulation 
times  returned  to  values  of  about  25  minutes  after  two  hours. 

Toxicity  studies  showed  that  the  LD  50  for  intravenous  injection 
of  sulfonated  soybean  protein  is  between  75  and  85  mg./kg.  of  body 
weight  in  the  white  rat  and  between  25  and  45  mg./kg.  of  body  weight 
in  the  white  rabbit.  Infarction  in  the  lungs  of  both  rats  and  rabbits  was 
a  toxic  effect. 

An  anticoagulant  assay  using  the  Quick  procedure  demonstrated 
that  a  sample  of  sulfonated  soybean  protein  had  retained  its  anticoag- 
ulant activity  unchanged  after  six  years  storage  at  room  temperature. 

Specific  and  Selective  Reagents.  Frank  J.  Welcher,  Indiana  Univer- 
sity.— One  of  the  principal  objects  of  modern  analytical  research  is  the 
development  of  specific  reactions  for  the  detection  and  determination  of 
ions  and  compounds.  The  most  promising  reagents  for  this  purpose  are 
found  among  the  organic  compounds.  In  particular,  organic  molecules 
containing  acidic  and/or  coordinating  groups  so  located  as  to  permit 
the  formation  of  chelate  compounds  possess  the  most  valuable  analytical 
properties. 

Certain  atomic  groupings  confer  the  property  of  selectivity  or 
specificity  upon  organic  molecules.  Thus,  the  a-dioximes  yield  red  per- 
cipitates  with  the  nickel  ion  in  ammoniacal  solution,  and  no  other  cation 
reacts  similarly.  The  preparation  of  new  analytical  reagents  is  based  on 
the  synthesis  of  molecules  containing  these  so-called  "specific"  groupings, 
with  the  systematic  alteration  of  the  remainder  of  the  molecule  to 
improve  the  selectivity.  This  is  accomplished  by  the  substitution  of 
groups  in  such  a  manner  as  to  affect  the  stability  of  complexes  formed, 
steric  relationships,  acidity  or  basicity,  color,  and  many  other  properties. 


The  Reactions  of  Silicomolybdic   Acid 
with  Organic  Compounds1 

John  H.  Billman,  Donald  B.  Borders,  and  John  A.  Buehler,  Indiana 
University,  Hondo  AFB,  Texas,  and  Anderson  College 

For  many  years  the  analytical  and  inorganic  chemists  have  been 
seeking  specific  reagents  to  identify  metallic  ions.  At  the  same  time,  the 
organic  chemist  has  been  interested  in  finding  compounds  that  would  be 
useful  for  spotting  different  types  of  functional  groups  commonly  en- 
countered in  organic  compounds.  A  typical  example  of  such  a  reagent 
is  ferric  chloride,  which  has  found  wide  use  with  phenols. 

For  several  years  we  have  been  testing  various  compounds  in  an 
effort  to  find  reagents  that  would  be  specific  for  metallic  ions  as  well 
as  organic  functional  groups.  In  the  course  of  our  investigation  it  was 
found  that  silicomolybdic  acid  (1),  H4SiMo12O40.xH2O,  would  produce  a 
dark  blue  mixture  in  the  presence  of  aliphatic  aldehydes,  but  would  not 
give  the  same  test  with  aromatic  aldehydes.  Further  investigation  indi- 
cated that  only  aldehydes  that  contain  a  hydrogen  atom  on  the  alpha 
carbon  atom  would  give  a  positive  test.  On  the  basis  of  this  work  a 
more  thorough  study  was  undertaken  of  the  reaction  of  silicomolybdic 
acid  with  various  organic  compounds  containing  different  functional 
groups.  Altogether  the  reagent  has  been  tried  with  a  one-hundred  and 
forty-five  organic  compounds.  Table  1  shows  the  aldehydes  that  have 
been  tested. 

TABLE  I 
Aldehydes 

—  Formaldehyde  —    Benzaldehyde 

+  Acetaldehyde  —  m-Nitrobenzaldehyde 

-f  Phenylacetaldehyde  —  p-Nitrobenzaldehyde 

+  Propionaldehyde  —  2,4-Dichlorobenzaldehyde 

+  n-Butyraldehyde  —  p-Hydroxybenzaldehyde 

+  Isobutyraldehyde  —  m-Hydroxybenzaldehyde 

+  a  -Ethylbutyraldehyde  —  o-Methoxybenzaldehyde 

+  n-Valeraldehyde  —  p-Methoxybenzaldehyde 

-f  Isovaleraldehyde  —  2,4-Dihydroxybenzaldehyde 

+  a  -Ethylcaproaldehyde  —  2,4-Diethoxybenzaldehyde 

+  n-Heptaldehyde  —  2,4-Dimethoxybenzaldehyde 

+  Crotonaldehyde  —  2,3-Dimethoxybenzaldehyde 

+  Acrolein  —  3,4-Diethoxybenzaldehyde 

+  Aldol  —  p-Dimethylaminobenzaldehyde 

—  Chloral  hydrate  —  Salicylaldehyde 

—  a  -Amylcinnamaldehyde  —  Cinnamaldehyde 

In  Table  I,  plus  signs  indicates  positive  results  and  negative  signs 
indicate  negative  results.    A  negative  result  was  regarded  as  any  color 

1.    Contribution    No.    6  97    from    the    Chemistry    Department    of    Indiana    Uni- 
versity and  Anderson  College. 
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other  than  dark  blue  throughout  the  mixture.  In  some  cases  yellow, 
green,  brown,  or  pale  blue  colors  developed,  or  a  small  amount  of  dark 
blue  formed  in  the  bottom  layer  of  the  test  tube.  All  these  results  were 
regarded  as  negative  tests. 

According  to  the  alpha  hydrogen  rule  one  would  expect  cinnamalde- 
hyde  to  give  a  positive  test.  However,  the  results  were  negative.  An 
explanation  of  this  may  be  that  cinnamaldehyde  being  a  vinylog  of  ben- 
zaldehyde,  behaves  in  the  same  way  benzaldehyde  does  toward  silico- 
molybdic  acid. 

Since  monosaccharides  are  generally  regarded  as  potential  aldehydes, 
several  of  the  more  common  pentoses  and  hexoses  were  tested,  and  found 
to  give  negative  results.  Some  disaccharides  were  also  tested  and  they 
failed  to  give  positive  results.  Table  II  contains  a  list  of  the  carbo- 
hydrates that  were  tested. 


TABLE  II 


Disaccharides 

—  Sucrose 

—  Lactose 

—  Maltose 


Monosaccharides 

—  Arabinose 

—  D(— )  Ribose 

—  D(  +  )  Xylose 

—  D(  +  )  Glucose 

—  D(  +  )  Mannose 

—  D(  +  )  Galactose 

—  L(  +  )  Fructose 

—  L( — )  Sorbose 

Most  ketones  also  contain  a  carbonyl  group  with  hydrogen  atoms 
on  the  alpha  carbon  atom,  and  therefore,  one  might  expect  them  to 
behave  similar  to  aldehydes  toward  silicomolybdic  acid.  However,  all 
of  the  ketones  which  were  tested  gave  negative  results.    See  Table  III. 

TABLE  III 


Ketones 


Acetone 

Methyl  ethyl  ketone 

Diethyl  ketone 

Methyl  isobutyl  ketone 

Methyl  pentyl  ketone 

Cyclopentanone 

Cyclohexanone 


Acetylacetone 

Diacetyl 

Acetophenone 

Benzophenone 

Benzalacetophenone 

Benzalacetone 

Acetoacetanilide 


A  large  number  of  other  compounds  were  tested  among  the  hydro- 
carbons, alcohols,  esters,  ethers,  acids,  nitriles,  phenols,  and  amines.  The 
results  of  these  tests  are  shown  in  Table  IV. 
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TABLE  IV 


Aliphatic  Hydrocarbons 

n-Hexane 

n-Heptane 
1-Pentene 

2-Pentene 

Cyclohexene 

Aromatic  Hydrocarbons 

Benzene 

Toluene 

o-Xylene 

p-Xylene 

Naphthalene 

Anthracene 

Alcohols 

Methyl  alcohol 
Ethyl  alcohol 
n-Propyl  alcohol 
Isopropyl  alcohol 
n-Butyl  alcohol 
Isobutyl  alcohol 
sec-Butyl  alcohol 
tert-Butyl  alcohol 
n-Amyl  alcohol 
Allyl  alcohol 
Cyclohexyl  alcohol 
Ethylene  glycol 
Glycerol 

Cinnamyl  alcohol 
Benzyl  alcohol 

Ethers 

Diethyl  ether 
Butyl  cellosolve 
Dioxane 
Anisole 

Esters 

Ethyl  acetate 
Ethyl  malonate 
Ethyl  acetoacetate 


Ethyl  benzoate 
Ethyl  phthalate 
Methyl  salicylate 

Acids 

Acetic  acid 
Propionic  acid 
Valeric  acid 
Lactic  acid 
Citric  acid 
Benzoic  acid 
Pyruvic  acid 
Cinnamic  acid 

Nitriles 

Acetonitrile 

n-Butyronitrile 

n-Capronitrile 

Acrylonitrile 

Benzonitrile 

Benzoylacetonitrile 

Cyanoacetic  acid 

Phenols 

Phenol 
/S-Naphthol 

p-Aminophenol  (green) 
m-Aminophenol  (brown) 
c-Aminophenol  (brown) 
Picric  acid  (orange) 

Aliphatic  Amines 

Isopropylamine 
a  -Phenylethylamine 
|8  -Phenylethylamine 
Ethylenediamine 

Aromatic  Amines 

Aniline 

Benzylamine 

Diphenylamine 

m-Nitroaniline 

N,N-Dimethylaniline 


As  can  be  seen  from  all  the  data  listed  in  the  tables,  the  test  with 
silicomolybdic  acid  appears  to  be  specific  for  aldehydes  with  an  hydrogen 
atom  on  the  alpha  carbon  atom. 
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TABLE  V 


Aldehydes  Phenols 

+    Glyoxal  +  a-Naphthol 

+    Furfuraldehyde  +  Hydroquinone 

-f-    Hydroxypyruvaldehyde  +  Resorcinol 


Phloroglucinol 
Gallic  acid 


Amines 

+    Pyrrole 

+    N-Benzylpyrrole 

+    o-Phenylenediamine 

+    p-Phenylenediamine 

+    N-Methyl-p-aminophenol 

Table  V,  contains  a  list  of  other  compounds  that  were  tested  and 
which  gave  positive  results.  It  should  be  noted  that  none  of  the  aldehydes 
possess  an  alpha  hydrogen.  These  anomalous  results  may  be  attributed 
to  the  presence  of  aldehydes  with  an  alpha  hydrogen  atom  on  them,  as 
impurities  in  the  chemical  compound  that  was  tested.  For  example,  on 
several  occasions  positive  tests  were  obtained,  but  when  a  pure  com- 
pound was  tested  no  color  was  obtained.  Cinnamaldehyde  was  such  a 
case.  When  a  test  was  made  on  cinnamaldehyde  which  came  from  a 
bottle  that  had  been  used  for  several  years  and  in  which  a  deposit  of 
cinnamic  acid  had  formed,  a  positive  test  was  produced.  However,  pure 
cinnamaldehyde  did  not  give  the  test,  nor  did  a  mixture  of  pure  cin- 
namaldehyde and  cinnamic  acid. 

A  possible  explanation  is  that  the  positive  test  might  have  occurred  due 
to  the  presence  of  acetaldehyde  which  might  have  been  formed  by  the 
hydrolysis  of  the  double  bond  in  cinnamaldehyde. 

Molecules  that  are  easily  oxidized,  such  as,  the  polyphenols  com- 
pounds and  the  N-substituted  aminophenols,  give  a  positive  test.  At 
first  it  might  seem  that  these  compounds  would  interfere  with  the  test 
for  the  aldehydes.  However,  this  need  not  be  the  case  if  one  follows 
the  solubility  procedures  outlines  by  either  Shriner  and  Fuson  or  McEl- 
vain  (2,  3).  In  these  solubility  schemes,  amines  will  be  separated  in  the 
acid  soluble  portion,  and  phenols  in  the  base  soluble  portion.  Other  nitro- 
gen containing  compounds  will  fall  in  a  miscellaneous  class.  The  alde- 
hydes will  be  found  either  in  the  water  soluble  portion  or  in  the  neutral 
portion  that  is  not  soluble  in  water.  None  of  the  compounds  tested  thus 
far  that  gave  anomalous  results  fall  in  the  latter  two  groups  and  thus 
do  not  interfere  with  the  test  for  aliphatic  aldehydes  with  an  alpha 
hydrogen  atom. 

The  investigation  was  extended  to  other  inorganic  compounds  such 
as,  silicotungstic  acid,  molybdic  acid,  and  phosphomolybdic  acid.  Under 
conditions  that  were  tried  neither  silicotungstic  acid  nor  molybdic  acid 
gave  a  color  with  the  aldehydes  that  were  tested.  However,  phosphomolyb- 
dic acid  gave  colored  results  similar  to  silicomolybdic  acid  with  the  com- 
pounds that  were  tested.  The  authors  are  currently  investigating  the 
behavior  of  phosphomolybdic  acid  as  a  possible  specific  reagent  for 
detecting  organic  functional  groups.    Likewise  an  investigation  is  being 
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conducted  to  determine  the  possible  use  of  these  reagents  for  the  quanti- 
tative determination  of  aliphatic  aldehydes. 

The  authors  wish  to  emphasize  that  this  is  a  preliminary  report 
and  work  is  in  progress  investigating  more  complex  organic  groups  and 
molecules.  Likewise,  the  upper  molecular  weight  of  the  test  for  aliphatic 
aldehydes  needs  to  be  determined,  and  more  aliphatic  aldehydes  with  no 
hydrogen  atom  on  the  alpha  carbon  atom  should  be  examined. 

Procedure 

Add  0.1  ml  of  the  compound  to  be  tested  to  5  ml  of  95  percent 
ethanol.  If  a  solid  compound  is  tested  use  ten  milligrams.  Add  0.5  ml 
of  a  0.1  molar  solution  or  suspension  of  silicomolybdic  acid  to  the  mixture 
and  shake  fifteen  seconds.  Then  add  0.5  ml  of  a  solution  four  molar  to 
sodium  hydroxide  and  two  molar  to  sodium  carbonate.  The  appearance  of 
a  dark  blue  color  throughout  the  mixture  indicates  a  positive  test. 

Summary 

1.  Silicomolybdic  acid  has  been  found  to  be  almost  a  specific  reagent  to 
detect  aliphatic  aldehydes  with  a  hydrogen  on  the  alpha  carbon  atom. 

2.  Silicomolybdic  acid  may  be  used  to  distinguish  between  aromatic  and 
aliphatic  aldehydes. 

3.  Aliphatic  aldehydes  with  an  alpha  hydrogen  atom  may  be  detected  in 
the  presence  of  ketones  by  the  use  of  silicomolybdic  acid. 

4.  Since  silicomolybdic  acid  is  essentially  specific  for  aliphatic  aldehydes 
it  may  be  useful  to  identify  such  aldehydes  in  naturally  occurring 
products,  in  other  compounds  in  the  laboratory,  and  as  impurities  in 
compounds  prepared  from  aldehydes  or  those  that  might  form  alde- 
hydes as  a  by-product  of  a  reaction. 

Literature  Cited 

1.  North,  E.  O.    1939.    Inorganic  Synthesis.    McGraw-Hill  Co.,  First  Ed.,  p.  129. 

2.  Shrtner,  R.  L,.,  and  R.  C.  Fuson.  1940.  Identification  of  Organic  Compounds. 
John  Wiley  and  Sons,  Inc.    Second  Ed.,  p.  4. 

3.  McElvain,  S.  M.  1945.  The  Characterization  of  Organic  Compounds,  Mac- 
millan  and  Co. 


A  Study  of  the   Infra-Red   Absorption   Spectra   of  Some 
Alkyl  Substituted  Carbostyrils 

R.  S.  Yunghans,  State  Board  of  Health,  Indianapolis  and 
D.  J.  Cook,  DePauw  University 

Characteristic  absorption  bands,  originating  in  the  out-of-plane  hy- 
drogen deformation  vibrations  of  an  aromatic  ring,  appear  in  the  infra- 
red spectrum  between  1225  and  650  reciprocal  centimeters  (cm.-1). 
Through  the  judicious  use  of  the  known  correlations  between  such  band 
positions  and  types  of  aromatic  substitution,  the  organic  chemist  can 
6how,  in  a  surprisingly  large  number  of  cases,  what  product  or  products 
were  formed  from  reactions  yielding  isomeric  compounds. 

For  hetercyclic  aromatics,  such  as  quinoline,  the  correlations  are 
much  less  reliable  chiefly  because  of  a  lack  of  spectra  from  which  to 
make  deductions.  Bellamy*  discusses  admirably  the  correlations  for  some 
pyridine  and  quinoline  compounds  and  notes  that  the  benzene  correlations 
hold  for  a  number  of  quinoline  compounds  when  each  ring  is  considered 
separately. 

The  present  study  was  undertaken  for  the  following  reasons — 

1.  To  obtain  some  infra-red  spectra  of  2-quinolones  since  references 
are  practically  non-existent  in  the  literature.2 

2.  To  correlate  observed  absorption  bands  in  the  1000  to  650  cm.-i 
region  with  structure. 

3.  To  illustrate  the  use  of  the  infra-red  spectra  for  determination 
of  the  compound  isolated  from  a  reaction  which  could  be  of  two  different 
isomeric  species. 

Conclusions 

We  conclude  from  this  study  that  the  unknown  compound  studied 
by  infra-red  absorption  spectra  is  most  likely  to  be  1,4,7-trimethylcar- 
bostyril.   The  following  evidence  is  cited  for  this  conclusion: 

1.  Steric  effects  favor  a  ring  closure  para  to  the  methyl  group  in 
the  compound  N-methyl-m-acetoacettoluide;  a  study  of  Hirschfield  models 
supports  this  view. 

2.  The  few  papers  which  discuss  the  synthesis  of  comparable 
quinoline  compounds  state  that  the  major  product  of  the  possible  1,4,7 
and  1,4,5-quinoline  isomers  is  the  1,4,7-isomer. 

3.  The  absence  of  a  medium  strong  to  strong  band  in  the  infra-red 
spectrum  both  for  the  known  1,4,6-trimethylcarbostyril  and  the  unknown 
plus  the  presence  of  a  700  band  in  8-hydroxyquinoline,  beta-picoline  and 
many  other  compounds  containing  three  free  hydrogen  atoms  indicates 
that  only  two  free  hydrogen  atoms  are  available  in  the  unknown  com- 
pound. (This  statement  is  made  with  reservations  until  it  becomes  pos- 
sible to  carry  out  confirmatory  work  on  comparable  quinolines  or  car- 
bostyrils containing  three  free  hydrogens  in  the  carbocyclic  ring.) 
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4.  The  striking  similarities  between  the  spectra  of  the  known  1,4,6- 
trimethylcarbostyril  and  the  unknown  compound  in  the  regions  1100- 
1000;  900-840  and  near  805  cm.-i  offers  additional  good  evidence  for 
favoring  the  1,4,7-trimethylcarbostyril  isomer. 

It  is  preferable,  of  course,  to  obtain  final  proof  for  any  proposed 
structure  by  a  synthetic  method.  This  proof  has  not  been  found  feasible 
as  yet. 
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The  Apparent  Molal  Volumes  of  Some  Electrolytes 
in  Anhydrous  Ethylenediamine1  2 

Robert  E.  Davis  and  John  Peacock  with 
Frederic  C.  Schmidt  and  Ward  B.  Schaap,  Indiana  University 

Introduction 

Very  few  density  measurements  and  no  partial  molal  volumes  of 
electrolytes  in  solution  in  anhydrous  ethylenediamine  have  been  made. 
In  conjunction  with  some  conductance  measurements  made  in  this 
laboratory,  density  measurements  were  made  on  solutions  of  sodium 
bromide,  silver  nitrate,  silver  chloride,  mercuric  iodide,  and  cyanide. 
From  these  data  the  apparent  molal  volumes  of  these  salts  in  solution 
were  calculated  with  the  hope  that  such  data  would  indicate  the  nature 
of  the  species  present  in  solution,  both  dilute  and  concentrated. 

Experimental 

The  purification  and  handling  of  the  anhydrous  solvent  has  been 
previously  discussed. (1- 2) 

All  salts  were  of  reagent  grade  and  were  dried  to  constant  weight  at 
110°  C.  The  water-soluble  salts  were  twice  recrystallized  from  distilled 
water.  Density  measurements  made  on  solutions  of  the  sublimed  Hgl2 
were  identical,  within  experimental  error,  to  those  made  with  the  un- 
sublimed  reagent  grade  salt. 

Picnometers  of  25  ml.  capacity  were  calibrated  at  25.00°  C  with 
both  water  and  distilled  mercury. 

The  solutions  were  prepared  by  weighing  the  salts  directly  into  glass 
stoppered  tubes  of  approximately  100  ml.  capacity.  The  anhydrous 
solvent  was  distilled  directly  onto  the  salt  in  the  tubes.  All  air  was 
excluded  by  a  positive  pressure  of  hydrogen.  Solutions  were  siphoned 
into  the  picnometers.  Densities  agreed  with  0.03%  on  duplicate  runs  for 
each  concentration. 

Results  and  Discussion 

The    apparent    molal    volumes    were    calculated    by    means    of    the 

equation  „nnn 

H  m2         1000 

0V2  = (dx  -  d0) 

d±  md2 

where  dx  and  d0  are  the  densities  of  the  solution  and  the  pure  solvent 

respectively. 

The  densities  and  apparent  molal  volumes  are  tabulated  in  Table 

I  for  each  concentration.  The  plots  of  the  apparent  molal  volumes  versus 

the  square-root  of  the  molality  is  shown  in  Figure  1.    Examination  of 

these  plots  demonstrated  that  the  MassonS  equation  0VO  =  0VO°  +  KCV2 


1    This  investigation  has  been  supported  by  the  Atomic  Energy  Commission 
under  Contract  No.  AT(  11-1) -256. 

2.    Contribution  No.  700  from  the  Chemical  Laboratory  of  Indiana  University. 
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is  applicable  to  these  solutions.  From  the  plots  the  volume  of  the  salt 
at  infinite  dilution  can  be  obtained  by  extrapolation.  These  values  along 
with  the  Masson  constant  are  shown  in  Table  II. 


100.0 


Fig.  1.     Plots  Showing  the  Variation  of  the  Apparent  Molal  Volumes  of 
Some  Electrolytes  in  Anhydrous  Ethylenediamine. 
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TABLE  I 

Densities  and  Apparent  Molal   Volumes   in   Ethylenediamine   at   25°    C. 

AgN03 


Molality 

Density  gm/ml. 

0V2 

0.0648 

0.9030 

29.18 

0.1283 

0.9113 

29.51 

0.1616 

0.9158 

27.70 

0.1657 

0.9164 

27.18 

0.2154 

0.9231 

25.55 

0.2574 

0.9286 

25.40 

0.4035 

0.9481 

24.82 

0.5183 

0.9640 

24.69 

0.6859 

0.9865 
AgCl 

24.00 

0.2596 

0.9144 

60.65 

0.3068 

0.9182 

60.0 

0.3751 

0.9240 

58.3 

0.4705 

0.9315 

58.1 

0.5771 

0.9401 
Hgl2 

57.4 

0.1037 

0.93057 

66.41 

0.2388 

0.97680 

65.40 

0.3351 

1.0108 

67.08 

0.6257 

1.1096 

63.15 

0.9710 

1.2190 

66.83 

1.3861 

1.3520 

62.85 

2.016 

1.5370 

64.11 

2.182 

1.5723 

58.39 

2.279 

1.6112 

64.03 

3.039 

1.8254 
NaBr 

59.81 

0.0467 

0.8962 

25.2 

1.1010 

0.9740 

1.4884 

1.0020 

21.7 

1.9880 

1.040 

19.9 

2.483 

1.078 
Hg(CN)2 

18.5 

0.8524 

1.0462 

82.7 

1.971 

1.2280 

93.3 

3.957 

1.5283 

103.2 
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TABLE  II 
0Vo°  and  The  Masson  Constant 


Salt 


Hg(CN)2 

AgCl 

NaBr 

AgN03 

Hgl2 


0V. 


60.8 
67.0 
32.6 
29.5 
69.2 


K 


+  22.7 
—12.5 

—  8.5 

—  5.9 

—  5.7 
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Reduction  of  Oil  of  Peppermint  with 
Lithium  Aluminum  Hydride. 

Vincent  J.  Traynelis  and  Lawrence  H.  Baldinger, 
University  of  Notre  Dame 

The  widespread  use  of  lithium  aluminum  hydride  suggested  the 
treatment  of  oil  of  peppermint  with  this  reducing  agent  to  determine  the 
effect  of  this  reagent  on  the  menthyl  acetate  and  menthone  contents  in 
the  oil. 

Menthone  is  a  cyclic  ketone,  C10H18O,  which  occurs  with  the  related 
alcohol,  menthol,  C10H19OH,  in  oil  of  peppermint.  Also  present  in  the 
oil  are  menthyl  acetate,  C10H19C2H3O2,  a  mixture  of  terpenes,  and  small 
amounts  of  organic  compounds  related  to  or  derived  from  these  four 
essential  components.  The  biogenesis  of  menthone  and  the  other  com- 
ponents in  the  oil  has  been  discussed  by  Hall  (1),  Strauss  (2),  Rutovskii 
and  Travain  (3).  Usually,  the  sum  of  the  menthol  and  menthone  con- 
tents in  oil  of  peppermint  will  be  within  the  range  of  75  to  85  per  cent. 
It  is  believed  that  the  menthone  is  responsible  for  the  bitter  after-taste 
when  the  oil  is  used  for  flavoring  purposes.  Even  though  it  might  be 
commercially  feasible  to  reduce  the  menthone  to  menthol,  it  is  not 
certain  that  the  resulting  product  would  be  satisfactory  for  drug  or 
flavoring  purposes.  Since  there  are  two  centers  of  asymmetry  in  men- 
thone and  three  in  menthol,  the  reduction  of  menthone  will  give  rise  to 
a  mixture  of  menthol  isomers  which  may  alter  appreciably  the  flavor 
of  the  product,  and  which  may  have  different  pharmacological  ac- 
tivities. 

Experimental  Procedure 

The  oil  of  peppermint  used  in  this  work  was  a  composite  sample 
collected  in  the  Michigan-Indiana  mint  territory  during  the  1954  season. 
The  sample  was  divided  into  five  portions,  four  to  be  reduced,  and  one 
to  serve  as  a  control. 

The  reduction  of  the  samples  was  carried  out  by  the  following 
procedures: 

A)  Sample  1.  Lithium  aluminum  hydride  (14.25  g.,  0.375  moles) 
was  suspended  in  300  ml.  of  anhydrous  ether  in  a  one-liter,  three-necked, 
round-bottom  flask  fitted  with  a  stirrer,  a  condenser  fitted  with  a  soda- 
lime  drying  tube,  and  an  addition  funnel.  With  constant  stirring,  the 
peppermint  oil  (88.6  g.),  dissolved  in  100  ml.  of  anhydrous  ether,  was 
added  slowly  over  a  period  of  one  hour.  After  the  addition  was  completed, 
the  reaction  mixture  was  refluxed  for  twenty-four  hours.  The  excess 
lithium  aluminum  hydride  was  decomposed  with  60  ml.  of  50%  ethanol, 
and  the  aluminum  salts  dissolved  in  450  ml.  of  dilute  hydrochloric  acid 
(3  parts  water  to  one  part  of  concentrated  hydrochloric  acid).  The  ether 
layer  was  separated  and  the  aqueous  portion  extracted  three  times  with 
100  ml.  of  ether.  The  combined  ether  layers  were  washed  twice  with 
200  ml.  of  water  and  then  dried  over  sodium  sulfate,  anhydrous.    After 
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the  ether  was  removed  by  distillation,  the  resulting  yellow  oil  was 
heated  at  a  temperature  between  60-70°  C.  at  12-15  mm.  for  a  period  of 
one  hour.    The  yield  of  reduced  peppermint  oil  was  84.9  g. 

Sample  2.  In  a  second  experiment,  9.50  g.  (0.25  moles)  of  lithium 
aluminum  hydride  was  used,  and  the  reaction  mixture  was  refluxed  for 
a  period  of  forty-eight  hours.  The  yield  of  reduced  peppermint  oil  was 
84.0  g. 

B)  Sample  3.  An  ether  solution  of  lithium  aluminum  hydride  was 
prepared  as  described  in  "Organic  Reactions"  (4),  and  standardized  ac- 
cording to  the  procedure  of  Felkin  (5).  The  molarity  of  the  lithium 
aluminum  hydride  was  0.72  M. 

In  treating  the  third  sample,  the  same  apparatus  and  procedure 
as  in  Samples  1  and  2  were  used,  with  the  following  modification.  A 
solution  of  60  g.  of  peppermint  oil  in  100  ml.  of  anhydrous  ether  was 
added  to  200  ml.  of  0.72  M  (0.144  moles)  lithium  aluminum  hydride  over 
a  period  of  forty  minutes,  and  the  mixture  refluxed  for  four  hours.  The 
product  was  isolated  and  purified  as  described  above.  The  yield  was 
56.8  g. 

Sample  4.  The  experiment  described  for  Sample  3  was  repeated 
with  a  one-hour  refluxing  period  instead  of  four.  The  yield  of  reduced 
peppermint  oil  was  56.9  g. 

Analytical  Data 

The  four  reduced  samples  and  the  control  sample  were  analyzed 
using  the  procedure  of  the  United  States  Pharmacopoeia  for  menthol 
and  menthyl  acetate.  The  menthone  was  determined  by  a  method  de- 
scribed previously  by  Baldinger  (6),  in  which  hydroxylamine  hydro- 
chloride was  used  as  the  reagent  in  a  volumetric  procedure. 

The  infra-red  spectrum  of  the  control  sample  exhibited  charac- 
teristic absorption  frequencies  for  a  carbonyl  (5.88/i),  and  a  hydroxyl 
(2.9/a)  function.  After  reduction,  the  spectra  of  the  samples  showed  the 
disappearance  of  the  carbonyl  absorption  and  an  increase  in  intensity  of 
the  hydroxyl  absorption.  These  observations  are  consistent  with  the 
analytical  data  of  the  samples. 

TABLE  1.  Analytical  Data  for  Reduced  Samples  and 
the  Control  Sample  of  Peppermint  Oil. 


Control 
Sample 

Sample 
1 

Sample 
2 

Sample 
3 

Sample 
4 

Optical  Rotation 
@  25°  C. 

—24.3°       ■ 

—22.9° 

—22.9° 

—22.5° 

—23.0° 

Refractive  Index 

@  26°  C. 

1.4584 

1.4630 

1.4631 

1.4635 

1.4635 

Menthyl  Acetate 

7.06% 

1.02% 

0.95% 

1.17% 

1.02% 

Menthol 

50.45% 

79.05% 

81.60%, 

81.56% 

81.38% 

Menthone 

28.84% 

2.44  % 

2.25% 

2.66% 

3.42% 
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Conclusion 

Reduction  of  oil  of  peppermint  with  lithium  aluminum  hydride  shows 
a  marked  effect  upon  the  menthone  and  menthyl  acetate  contents.  A 
color  change  which  occurred  in  each  of  the  samples  except  No.  1  is  a 
possible  factor  against  treatment  of  the  oil  for  commercial  uses. 
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Condensation  of  Proteins  with  Thiocyanate1 

F.  Haurowitz,  Indiana  University 

While  the  N-terminal  amino  acid  of  a  peptide  chain  can  be  de- 
termined by  alkylation  of  its  amino  group  and  separation  of  the 
N-alkyl  derivative  from  the  protein  hydrolysate,  the  methods  used  for 
the  determination  of  the  C-terminal  amino  acids  are  unsatisfactory. 
One  of  these  methods  is  based  on  the  condensation  of  terminal  amino 
acid  residues  with  thiocyanate  in  the  presence  of  acetic  anhydride  and 
acetic  acid  (12)  (reaction  I). 

I.  RHN.CHR\COOH   +  NH4CSN^RN.CHR'.CO 

I  I 

SC NH 

Since  the  /3-carboxyl  groups  of  aspartyl  and  the  y-carboxyl  groups  of 
the  glutamyl  residues  do  not  react  with  thiocyanate,  the  method  has 
been  used  to  determine  the  C-terminal  amino  acid  of  peptides  and  pro- 
teins  (1,  3,  4,  14,  15,  16). 

When  proteins  were  treated  in  our  laboratory  with  thiocyanate  and 
acetic  anhydride  at  100°,  it  was  found  that  the  sulfur  content  increases 
by  10  or  more  S  atoms  per  protein  molecule  (10).  This  was  confirmed 
by  experiments  in  which  thiocyanate  containing  radioactive  S^o  or  C14 
was  used  (7,  9,  17).  The  NCS  residues  are  incorporated  within  10-20 
minutes;  further  heating  causes  very  slow  incorporation  of  a  small 
number  of  NCS  residues.  The  protein-bound  NCS  residues  cannot  be 
exchanged  with  nonradioactive  thiocyanate;  evidently  they  are  bound 
by  covalence.  Table  I  shows  that  the  molecules  of  insulin,  salmine, 
ribonuclease  and  tyrocidin,  which  are  poor  in  or  devoid  of  a-carboxyl 
groups,  combine  with  the  expected  small  number  of  NCS  residues.  How- 
ever, the  number  of  such  residues  in  the  reaction  products  of  the  mole- 
cules of  edestin,  ovalbumin  and  beef  serum  y-globulin  is  much  higher  than 
expected.  Since  it  is  well  established  that  these  proteins  contain  only  one 
terminal  a-amino  group  per  molecule,  it  is  difficult  to  attribute  the  high 
values  for  NCS  groups  to  the  presence  of  multiple  terminal  a-carboxyl 
groups. 

In  order  to  get  more  insight  into  the  nature  of  the  groups  which 
combine  with  thiocyanate,  proteins  were  exposed  to  acetylation,  deamina- 
tion,  substitution  with  phenylisocyanate,  sulfation  (13)  and  to  reduction 
by  LiAlH4  (6).  The  number  of  incorporated  NCS  residues  was  not 
significantly  changed  by  the  first  three  procedures,  but  was  considerably 
lowered  after  sulfation  and  after  treatment  with  LiAlH4   (7,  17).    Since 


1.  The  experiments  on  which  this  report  is  based  were  performed  by  Dr.  P. 
Bursa,  Dr.  S.  G.  Lisie,  Dr.  R.  L.  Hardin  and  Dr.  M.  Zimmerman.  Some  of  them 
are  described  in  the  Ph.D.  theses  of  the  two  last-named  co-workers.  The  work 
was  generously  supported  by  grants  of  the  U  S.  Public  Health  Service,  and  the 
Am.  Cancer  Society,  and  by  contracts  of  Indiana  University  with  the  U.  S. 
Atomic  Energy  Commission  and  the  Office  of  Naval  Research. 
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TABLE 

I 

Condensation  of 

proteins  with  thiocyanate  (30  minutes,  100°) 

Free  carboxyl 

Incorporated 

Protein 

Mol.  weight 

groups  per 

NCS-residues 

molecule 

per  molecule 

Edestin 

50,000 

62 

10.5 

Ovalbumin 

44,000 

51 

7.8 

y-Globulin 

156,000 

67 

39.4 

Fibroin 

(100,000)2 

20 

3.3 

Insulin 

6,000 

5 

1.4 

Salmine 

8,000 

0 

0.2 

Ribonuclease 

15,000 

7 

1.6 

Tyrocidin 

1,300 

0 

0.2 

Polyglutamic  acid 

12,000 

93 

7.8 

sulfation  affects  the  hydroxyl  side  chains  of  serine  and  threonine,  hip- 
purylserine  isopropyl  ester  and  hippurylthreonine  ethyl  ester  were  pre- 
pared and  exposed  to  thiocyanate  and  acetic  anhydride.  Neither  of  these 
peptides  combined  with  thiocyanate  (17). 

The  low  values  of  incorporated  NCS  residues  observed  after  re- 
duction of  the  proteins  with  LiAlH4  suggested  that  thiocyanate 
reacts  with  carboxyl  groups.  Therefore,  the  ethyl  esters  of  carbobenzoxy- 
a-DL-aspartylglycine,  carbobenzoxy-a-L-glutamylglycine  and  carbobenz- 
oxy-a-DL-aspartyl-L-tyrosine  were  prepared.  None  of  these  peptide 
esters  combine  with  thiocyanate  (17).  Although  it  is  well  known  that 
the  carboxyl  side  chains  of  these  peptide  esters  cannot  react  with 
thiocyanate,  it  has  been  shown  recently  (2,  11)  that  a-aspartyl  and 
a-glutamyl  residues  can  undergo  rearrangement  into  /3-aspartyl  and 
y-glutamyl  residues,  respectively.  The  free  a-carboxyl  groups  of  such 
residues  can  then  combine  with  thiocyanate  (reaction  II). 


II. 


CH9CHoC00H 


CH2CH2CO-NHR' 


CH9CH9C0-NHR' 


RCO-NHCHCO-NHR'       RCO-NHCHCOOH      RCO-N-CH-CO 


SC 


-NH 


oc  -glutamyl  y-glutamyl  derivative 

residue  residue  thiohydantoin 

y-Glutamyl  residues  are  present  in  glutathione,  in  folic  acid  and  its 
derivatives,  and  in  the  capsular  polyglutamic  acid  of  certain  bacilli. 
The  ability  of  such  groups  to  combine  with  thiocyanate  is  proved  by 
the  high  number  of  NCS  residues  in  polyglumatic  acid  after  exposure  to 
thiocyanate  (Table  I).  The  presence  of  y-glutamyl  residues  in  other 
proteins  is  indicated  by  the  formation  of  succinylpeptides  when  partial 
hydroly sates  are  oxidized  (8),  and  by  the  detection  of  5-hydroxy-4- 
aminovaleric  acid  in  the  hydrolysate  of  LiAlH4-treated  proteins  (5). 

2  The  molecular  weight  of  fibroin  is  not  known.  The  values  refer  to  an 
equivalent  weight  of  100,000. 
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Table  I  shows  that  the  number  of  incorporated  NCS  residues  is 
much  smaller  than  the  total  number  of  free  carboxyl  groups.  Evidently, 
most  of  the  aspartyl  and  glutamyl  residues  behave  like  the  a-aspartyl 
and  a-glutamyl  residues  of  the  synthetic  peptides;  they  do  not  undergo 
any  rearrangement  when  heated  with  acetic  anhydride  and,  accordingly, 
do  not  combine  with  thiocyanate.  The  figures  recorded  in  Table  I  indicate, 
however,  that  some  of  the  aspartyl  and /or  glutamyl  residues  are  either 
present  in  the  native  proteins  as  /3-aspartyl  and  y-glutamyl  residues  or 
are  present  as  a-residues  and  are  converted  into  jQ-  or  y-residues  (re- 
action II)  during  the  exposure  to  acetic  anhydride  and  thiocyanate.  This 
view  is  in  agreement  with  the  fact  that  fibroin,  which  is  extremely  poor 
in  aminodicarboxylic  acids,  combines  with  a  very  small  number  of  NCS 
residues  only  and  that  reduction  of  the  free  6-  and  y-carboxyl  groups  by 
LiAlH4  lowers  considerably  the  number  of  incorporated  NCS  residues. 
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Student  Experiment  in  the  Radioassay 
of  Potassium  and  Uranium1 

Sister  M.  Ann  Gertrude  Hill,  O.S.U.,  University  of  Notre  Dame 
and  Ursuline  College,  Cleveland,  Ohio 

Because  of  the  applications  of  nuclear  phenomena  to  chemistry,  in- 
struction in  the  fundamental  concepts  may  be  properly  included  in 
elementary  chemistry  courses  at  the  college  level.  Since  nuclear  chemis- 
try is,  to  a  large  extent,  an  applied  science,  a  proportionate  amount  of 
laboratory  practice  should  be  included  in  any  course  in  which  this  subject 
is  discussed. 

A  recent  survey  of  the  status  of  instruction  in  nuclear  chemistry  in 
American  colleges  and  universities  (1)  has  indicated  that  there  exists  an 
urgent  need  for  elementary  laboratory  instruction  in  this  phase  of 
chemistry. 

The  following  laboratory  procedure  is  one  of  a  group  devised  in  an 
effort  to  provide  suitable  material  for  student  experiments  and  to  en- 
courage the  more  widespread  adoption  of  laboratory  instruction  in 
nuclear  chemistry.  This  experiment  illustrates  the  application  of  nuclear 
phenomena  in  analytical  chemistry.  The  natural  radioactivity  of  po- 
tassium and  uranium  is  used  as  the  basis  for  a  quantitative  determination 
of  these  elements  in  solid  samples. 

Equipment 

The  Geiger  counter  and  electronic  circuit  required  for  this  experiment 
have  been  previously  described  (2). 

The  results  obtained  in  this  experiment  are  based  on  precise  activity 
measurements;  therefore,  accurate  radioassay  requires  reproducible 
sample  mounting. 

A  small  aluminum  dish  serves  as  a  suitable  container  for  the 
samples.  The  dimensions  should  be  such  as  to  give  a  maximum  activity 
and  to  ensure  sufficient  sample  thickness.  A  container  50  mm.  in  diameter 
and  12  mm.  high  is  readily  available  and  proves  satisfactory.  For  count- 
ing, the  aluminum  container  is  supported  by  a  metal  holder  which  can  be 
inserted  into  the  shelves  of  a  standard  tube  mount.  The  arrangement 
should  be  such  as  to  bring  the  sample  as  close  to  the  counter  as  possible. 
Metal  discs  cut  from  aluminum  sheet  to  fit  the  sample  pan  should  be 
used  when  collecting  the  data  for  the  self -absorption  curve.  By  placing 
the  discs  beneath  the  sample,  samples  of  different  thicknesses  will  be 
identical  distances  from  the  counter. 

Experimental  Procedure 

Weigh  five  portions  of  potassium  chloride — each  equivalent  to  0.1 
gram  per  square  centimeter  of  the  sample  pan.   The  depth  of  the  sample 


1.  Taken  from  a  thesis  submitted  to  the  University  of  Notre  Dame  in  partial 
fulfillment  of  the  requirements  for  the  Master  of  Science  degree  under  the  dii  ec- 
tion  of  Dr.  William  H.  Hamill  and  Dr.  Russell  R.  Williams,  Jr.   (1952). 
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will  be  increased  from  0.1  to  0.5  g/cm-  by  the  successive  addition  of  the 
five  portions.  After  each  increment  in  thickness,  count  the  sample  for 
a  period  long  enough  to  collect  1000  counts.  Plot  the  activity  in  counts 
per  minute  against  the  sample  thickness  expressed  in  terms  of  weight 
per  unit  area  (g/cm2).  (Figure  1.)  From  this  self -absorption  curve 
determine  the  sample  thickness  at  which  the  activity  is  a  maximum  for 
the  potassium  40  beta  energy.  All  subsequent  measurements  should  be 
made  on  samples  of  at  least  this  thickness. 

40 


Self    Absorption    Curve    K 
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Fig.  1.     Self  Absorption  Curve  K40 

Several  mixtures  of  potassium  and  sodium  chlorides  containing 
known  percentages  of  potassium  should  be  prepared  previous  to  the 
laboratory  period.  Count  the  mixtures,  collecting  at  least  1000  counts 
for  each  sample.  Express  the  results  graphically  as  counts  per  minute 
versus  percent  potassium.  Figure  2  is  a  plot  of  typical  data  and  illus- 
trates the  proportionality  between  the  percent  potassium  and  the  activity. 
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Fig.  2.     Activity  versus  percent  potassium. 
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Obtain  from  the  instructor  unknown  samples  containing  potassium. 
Measure  the  count  rate  and  from  the  proportionality  plot  determine  the 
percent  potassium. 

Discussion  of  Results 

The  radioactivity  of  potassium  is  due  to  the  isotope  of  mass  number 
40  which  has  an  abundance  of  0.011%  of  naturally  occurring  potassium. 
K40  decays  by  the  emission  of  beta  particles,  positrons,  and  gamma  rays. 
The  weak  beta  particles  are  easily  absorbed  by  the  sample.  With  each 
increment  in  sample  depth,  the  activity  approaches  a  maximum.  The 
activity  remains  constant  with  a  further  increase  in  thickness  because  the 
radiations  from  the  bottom  of  the  sample  are  completely  absorbed  by 
the  sample  itself.  The  self -absorption  curve  for  the  K^o  beta  energy 
illustrated  in  Figure  1  shows  a  maximum  activity  at  a  sample  thickness 
of  about  0.4  g/cm2. 

Students  must  appreciate  the  importance  of  reproducible  geometry. 
The  orientation  of  the  sample  with  respect  to  the  counter  and  sample 
area  and  depth  must  be  constant  so  that  the  count  rates  may  be  com- 
pared validly. 

The  precision  of  the  measurements,  determined  by  the  number  of 
counts  collected,  is  limited  by  the  length  of  time  available  for  the 
experiment.  Collection  of  1000  counts  gives  a  probable  error  of  3%.  For 
uniform  accuracy,  the  same  number  of  counts  should  be  collected  for 
each  sample.  The  counting  time,  therefore,  depends  on  the  potassium 
content  of  the  mixtures. 
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Student  results  have  shown  that  the  percent  of  potassium  can  be 
determined  with  reasonable  accuracy.  All  of  the  results  have  been 
within  2%  of  the  calculated  values. 

In  view  of  the  current  widespread  interest  in  prospecting  for 
uranium  ores,  it  is  appropriate  for  students  to  apply  this  method  of 
analysis  to  the  determination  of  uranium.  The  beta  particles  emitted 
by  UX2,  which  is  produced  by  the  disintegration  of  uranium  238,  give  an 
activity  which  is  proportional  to  the  uranium  content  of  the  samples. 
Suitable  samples  can  be  prepared  from  uranyl  nitrate  and  sand  or  soil. 
Measured  amounts  of  the  salt  are  dissolved  in  a  few  milliliters  of  dilute 
nitric  acid  and  then  mixed  with  the  sand  to  give  samples  containing 
varying  percentages  of  uranium.  The  high  specific  activity  of  uranium 
permits  the  determination  of  amounts  as  low  as  0.005  percent. 

The  results  have  shown  that  laboratory  instruction  in  nuclear  chemis- 
try is  feasible  on  the  undergraduate  level  and  within  the  means  of  small 
colleges  as  well  as  universities. 
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Detection  of  Cobalt   (II)   by  Succinimide 
and  Isopropylamine1 

Frank  J.  Welcher  and  John  A.  Buehler,  Indiana  University 
and  Anderson  College. 

Analytical  chemists  are  constantly  seeking  to  find  new  reagents 
that  will  be  specific  for  particular  metallic  ions.  In  searching  the  litera- 
ture one  finds  numerous  reports  where  the  metallic  ions  have  been 
used  to  detect  and  determine  organic  compounds  of  a  specific  type. 

Thus,  in  1933,  Koppanyi  and  coworkers  (1)  reported  that  barbiturates 
could  be  detected  by  forming  a  colored  complex  with  cobalt  (II)  in  the 
presence  of  isopropylamine,  using  chloroform  and  methyl  alcohol  as 
solvents.  The  test  was  claimed  to  be  specific  for  barbiturates  with  the 
exception  of  creatinine  and  theobromine.  A  reddish-violet  color  developed 
and  was  used  to  prove  the  presence  of  barbiturates  in  urine.  Koppanyi 
continued  to  study  the  reaction  and  found  that  all  barbiturates  that  were 
tested,  ten  in  number,  gave  the  test  (2).  However,  it  was  soon  dis- 
covered that  many  other  structures  gave  the  test,  and  that  other  bases 
could  be  used  in  place  of  isopropylamine,  such  as  sodium  hydroxide, 
lithium  hydroxide,  barium  hydroxide,  isobutylamine,  and  ammonia  (3,  4, 
5,6).  Further  studies  showed  that  compounds  containing  an  imide  group 
in  a  cyclic  structure  gave  the  test. 

The  authors  considered  the  possibility  of  using  one  of  the  barbitur- 
ates or  imides  to  detect  cobalt  in  aqueous  solutions,  rather  than  in  organic 
liquids,  since  the  usefulness  of  the  test  could  thereby  be  greatly  extended. 

Several  organic  reagents  such  as,  phenlylethylbarbiturate,  isoamyl- 
ethylbarbiturate,  diethylbarbiturate,  phthalimide  and  succinimide  were 
studied.  It  was  found  that  the  barbiturates  were  too  insoluble  in  water 
to  form  solutions  of  sufficient  concentrations  to  give  the  color  reaction 
with  cobalt.  Phthalimide  was  also  too  insoluble.  Previous  work  was 
carried  out  in  organic  solvents,  and  it  appears  that  the  complex  is  more 
stable  and  shows  less  tendency  to  dissociate  than  in  a  water  medium. 
In  order  to  obtain  the  color,  a  large  excess  of  one  of  the  reagents  is 
required.  Succinimide  was  finally  chosen,  since  it  is  very  soluble  in 
water,  and  a  one  molar  solution  could  be  easily  prepared.  The  test  was 
carried  out  in  the  presence  of  the  ions  listed  in  Table  I. 


1.    Contribution  No.  699  from  the  Chemistry  Department  of  Indiana  Univer- 
sity. 
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TABLE  1 

Color  without 

Color  with 

Ion 

Cobalt  (II) 

Cobalt  (II) 

in  solution 

in  solution 

Silver  (I) 

colorless 

violet 

Mercury  (I) 

slightly  gray 

violet 

Lead  (II) 

colorless 

violet 

Arsenic  (III) 

colorless 

violet 

Antimony  (III) 

colorless 

violet 

Tin  (II) 

colorless 

violet 

Mercury  (II) 

colorless 

violet 

Bismuth  (III) 

colorless 

violet 

Copper  (II) 

blue 

blue 

Cadmium  (II) 

colorless 

violet 

Aluminum  (III) 

colorless 

violet 

Iron  (III) 

reddish-brown 

brown 

Chromium  (III) 

gray-green 

gray 

Manganese  (II) 

slightly  brown 

violet 

Nickel  (II) 

pale  green 

violet 

Cobalt  (II) 

reddish-violet  to  bluish-purple 

Zinc  (II) 

colorless 

violet 

Calcium  (II) 

colorless 

violet 

Strontium  (II) 

colorless 

violet 

Barium  (II) 

colorless 

violet 

Magnesium  (II) 

colorless 

violet 

Sodium  (I) 

colorless 

violet 

Potassium  (I) 

colorless 

violet 

Ammonium 

colorless 

violet 

In  addition  to  the  cations  commonly  included  in  the  classical  qualita- 
tive scheme  of  analysis,  a  large  number  of  less  common  cations  were 
also  tested.    The  results  are  shown  in  table  II. 

TABLE  II 


Color  Without 

Color  With 

Ions 

Cobalt  (II) 

Cobalt  (II) 

in  Solution 

in  Solution 

Cesium  (I) 

colorless 

violet 

Rubidium  (I) 

colorless 

violet 

Scandium  (III) 

colorless 

violet 

Yttrium  (III) 

colorless 

violet 

Lanthanum  (III) 

colorless 

violet 

Cerium  (III) 

colorless 

violet 

Neodynium  (III) 

colorless 

violet 

Ruthenium  (III) 

colorless 

violet 
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TABLE  II— (Continued) 


Color  Without 

Color  With 

Ions 

Cobalt  (II) 

Cobalt  (II) 

in  Solution 

in  Solution 

Palladium  (II) 

colorless 

Rhodium  (III) 

pink 

Osmium  (IV) 

colorless 

Iridium  (IV) 

colorless 

Platinum  (IV) 

colorless 

Indium  (IV) 

colorless 

Germanium  (IV) 

colorless 

Titanium  (IV) 

colorless 

Gold  (III) 

yellow 

violet 
violet 
violet 
violet 
violet 
violet 
violet 
violet 
bluish 


The   test   was    also   tried   with   a   number   of   anions   as    shown   in 
Table  III. 


TABLE  III 


Color  Without 

Color  With 

Anions 

Cobalt  (II) 

Cobalt  (II) 

in  Solution 

in  Solution 

Chloride 

colorless 

violet 

Bromide 

colorless 

violet 

Iodide 

colorless 

violet 

Fluoride 

colorless 

violet 

Thiocyanate 

colorless 

violet 

Thiosulfate 

colorless 

violet 

Sulfate 

colorless 

violet 

Sulfite 

colorless 

violet 

Phosphate 

colorless 

violet 

Arsenate 

colorless 

violet 

Tungstate 

colorless 

violet 

Chromate 

yellow 

brown 

Oxalate 

colorless 

violet 

Carbonate 

colorless 

violet 

Borate 

colorless 

violet 

Silicate 

colorless 

violet 

Chlorate 

colorless 

violet 

Nitrate 

colorless 

violet 

Nitrite 

colorless 

violet 

Acetate 

colorless 

violet 

Tartrate 

colorless 

violet 

Citrate 

colorless 

colorless 

Ferrocyanide 

pale  yellow 

dark  brown 

Ferricyanide 

green-yellow 

brown 
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The  only  cations  that  seriously  interfere  with  the  test  are  copper 
(II),  iron  (III),  and  chromium  (III).  Copper  can  be  removed  by  adding 
granulated  zinc,  and  a  good  test  for  cobalt  obtained  in  the  presence  of 
the  deposited  copper  metaL  Interference  by  the  ferric  ion  is  eliminated 
by  adding  a  large  excess  of  potassium  fluoride  to  form  the  hexafluorofer- 
rate  complex.  Cobalt  can  be  detected  in  a  solution  that  contains  iron  in 
the  form  of  the  fluoride  complex.  The  only  ion  that  seriously  interferes 
is  chromium.  If  chromium  is  present,  the  cobalt  test  is  applied  at  the 
point  in  the  qualitative  scheme  of  analysis  where  both  cobalt  and  nickel 
sulfides  are  dissolved  in  aqua  regia  and  separate  tests  made  for  nickel 
and  cobalt  ions.  Cobalt  may  be  detected  in  the  presence  of  nickel  by  this 
method  with  good  results. 

It  appears  that  there  are  four  anions  that  interfere  with  the  test 
for  cobalt;  these  are,  citrate,  chromate,  ferricyanide,  and  ferrocyanide. 
The  citrate,  ferro-  and  ferricyanides  may  be  removed  by  oxidation  and 
the  chromate  reduced  with  formaldehyde. 

Procedure 

The  concentrations  of  all  solutions  used  were  10  milligrams  of  the 
ion  to  be  tested  per  milliliter. 

Add  0.25  ml  of  the  solution  to  be  tested  to  a  spot  plate.  Then  add 
0.5  ml  of  a  one  molar  succinimide  solution,  and  finally  0.05  ml  of 
isopropylamine.  If  cobalt  is  present,  a  reddish-violet  or  bluish  purple 
color  developes. 

In  the  presence  of  copper  proceed  as  follows:  Add  several  grains 
of  granulated  zinc  and  shake  the  mixture  until  the  copper  color  of  the 
solution  disappears.  Test  a  few  drops  of  the  solution  with  ammonium 
hydroxide,  if  the  solution  remains  colorless  when  ammonium  hydroxide 
is  added  then  proceed  with  the  test  for  cobalt. 

In  the  presence  of  iron  proceed  as  follows:  Add  a  large  excess  of 
potassium  fluoride  (solid)  until  the  yellowish-brown  color  of  the  ferric 
ion  disappears.   Then  proceed  with  the  test  for  cobalt. 

Sensitivity 

The  lower  limit  of  sensitivity  seems  to  be  a  solution  that  contains 
0.5  milligrams  of  the  cobalt  ion  per  milliliter,  provided  the  final  volume 
of  the  solution  after  the  test  is  completed  is  no  more  than  one  milliliter. 
In  order  to  obtain  a  distinct  test,  the  final  concentration  of  the  cobalt 
ion  after  the  test  reagents  are  added  should  not  be  less  than  0.125  mg/ml. 

The  sensitivity  of  the  test  was  determined  in  the  presence  of  several 
ions  that  have  color.   Table  IV  shows  the  results  of  this  study. 


TABLE  IV 

Ion 

Final  Cone,  in 
mg/ml  of  the  ion. 

Final  Cone,  in  mg/ml 
of  the  Cobalt  ion. 

Nickel  (II) 
Manganese  (II) 
Bismuth  (III) 

.2.5 

2.5 
2.5 

0.5 
0.5 
0.125 
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The  results  in  Table  IV  show  that  the  ions  which  do  not  contribute 
color  have  no  effect  on  the  sensitivity  of  the  test.  Ions  like  nickel  and 
manganese  decrease  the  sensitivity  of  the  color  and  therefore  require 
a  higher  concentration  of  cobalt  before  a  positive  test  is  obtained  for 
cobalt. 

Conclusion 

Although  this  test  is  not  as  sensitive  as  many  that  have  been  used, 
it  does  permit  the  detection  of  cobalt  in  the  presence  of  fifty-eight  differ- 
ent cations  and  anions  without  the  necessity  of  difficult  and  time  con- 
suming separations.  In  fact,  the  test  appears  to  be  specific  under  the 
conditions  given. 

The  authors  believe  that  a  new  color  reaction  has  been  introduced 
for  cobalt  (II)  that  is  suitable  for  the  detection  of  cobalt  in  the  presence 
of  most  of  the  cations  commonly  detected  in  the  classical  scheme  of 
qualitative  analysis.  Of  the  ions  in  this  classical  scheme  only  one  ion 
interferes,  but  this  difficulty  may  be  overcome  by  testing  for  cobalt  at 
the  position  in  the  scheme  where  nickel  and  cobalt  are  usually  tested. 
The  authors  have  used  this  test  with  their  students  and  obtained  excellent 
results.  It  is  quick,  serves  as  an  excellent  spot  test,  and  is  relatively 
inexpensive. 

The  authors  are  currently  exploring  the  possibility  that  this  test 
may  serve  as  a  useful  quantitative  determination  for  cobalt. 
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Reactions  Leading  to  Heptafluoropropyl  Silanes 

E.  T.  McBee,  C.  W.  Roberts,  G.  F.  Judd  and  T.  S.  Chao, 
Purdue  University 

In  a  recent  communication  (1)  we  described  the  synthesis  of  hepta- 
fluoropropyllithium  and  its  reaction  with  diethyldichlorosilane  to  give 
diethylbis- (heptafluoropropyl)  silane  and  diethylheptafluoropropylchloro- 
silane.  Subsequently  (2)  Haszeldine  reported  the  synthesis  of  bis(tri- 
fluoromethyl)  dichlorosilane  and  trifluoromethyltrichlorosilane. 

There  have  been  other  reports  of  the  synthesis  of  perfluoroalkyl-sub- 
stituted  silanes  (3,  4)  from  the  reaction  of  trifluoromethyliodide  with  a 
silicon-copper  couple.  This  report  is  on  the  synthesis  of  heptafluoropropyl- 
substituted  silanes  from  the  reaction  of  heptafluoropropyllithium  with 
several  polyfunctional  silanes.  Perfluoropropyl-substituted  silanes  were 
obtained  in  yields  ranging  up  to  46  per  cent.  Either  butyl  ether  or  an 
ethyl  ether-pentane  mixture  is  a  suitable  solvent. 

One  of  the  interesting  observations  was  that  neither  heptafluoro- 
propyllithium nor  methyllithium  replace  an  ethoxy  group  from  ethyl 
silicate,  methyltriethoxysilane,  ethoxytrichlorosilane,  diethoxydichloro- 
silane,  or  methyldiethoxychlorosilane.  In  the  case  of  methyltrichlorosi- 
lane,  only  a  low  yield  of  perfluoropropyltrimethylsilane  was  obtained. 

Methyllithium  competes  with  heptafluoropropyllithium  for  the  silanes 
thus  methylation  occurs  also.  The  relative  insolubility  of  methyllithium 
in  the  reaction  mixture,  however,  minimizes  this  reaction. 

Perfluoropropyl-substituted  silanes  of  non-,  mono-  and  di-function- 
ality  can  be  prepared.  The  non-functional  silanes  are  stable  to  water 
and  hot  concentrated  sulfuric  acid,  but  decompose  in  base  with  differing 
degrees  of  ease,  depending  on  the  particular  silane.  The  mono-  and  di- 
functional  compounds  react  in  a  characteristic  manner.  Fluorosilanes 
were  formed  from  a  side  reaction  of  the  chlorosilanes  with  lithium 
fluoride,  resulting  from  the  decomposition  of  heptafluoropropyllithium. 
The  higher  the  functionality  of  the  chlorosilane,  the  lower  was  the  yield 
of  the  desired  perfluoropropyl-substituted  silane  and  the  higher  the  yield 
of  fluorosilane,  the  latter  reaching  maximum  with  silicon  tetrachloride. 
Methyltrichlorosilane  gave  only  methylbis (heptafluoropropyl) chlorosilane. 
The  latter  two  results  indicate  that  where  there  is  high  functionality  in 
the  perfluoroalkyl  substituted  chlorosilane,  the  probability  of  substitu- 
tion of  chlorine  atoms  by  fluorine  is  very  high. 

Experimental* 

Intermediates: 

Preparation  of  Methyldiethoxychlorosilane.  A  mixture  of  184  g. 
(4  moles)  of  anhydrous  ethanol  and  316  g.  (4  moles)  of  anhydrous 
pyridine   was    added   over   a   period   of   4   hrs.   to    300   g.    (2   moles)    of 


1.  Fluorine  analyses  were  made  by  Clark  Microanalytic  Laboratories, 
Urbana,  Illinois.  Carbon,  hydrogen  and  chlorine  were  determined  by  Mrs.  Yen 
and  Mrs.   Portney,   Purdue  University  Microanalysts. 
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methyltrichlorosilane  dissolved  in  3.4  1.  of  anhydrous  benzene.  The 
product  was  filtered  with  a  Buchner  funnel  and  the  filter  cake  washed 
with  five  200  ml.  portions  of  anhydrous  benzene.  The  benzene  was  then 
removed  by  distillation  through  an  18"  glass  helices-packed  column  as 
the  pot  temperature  rose  to  92°.  The  residual  mixture  was  cooled  in 
ice  to  precipitate  the  pyridine  hydrochloride;  the  liquid  was  decanted 
and  rectified.  There  was  obtained  220.5  g.  (65.6%)  of  methyldiethoxychloro- 
silane,  b.p.  75-85°/ 139  mm.  Re-rectification  gave  179.5  g.  of  material, 
b.p.  81.8°/153mm.,  nD20  1.3912,  d42°  0.989.  Anal.  Calcid.  for  C5H13C102 
Si:C,  35.6;  H,  7.7;  CI,  21.1  Found:  C,  35.6;  H,  7.7;  CI,  21.4.  From  a  one 
mole  run  there  was  also  obtained  21.5  g.  (12%)  of  methyltriethoxysilane, 
b.p.  95°  at  158  mm.,  nD20  1.3828. 

Ethoxytrichlorosilane,  Diethoxydichlorosilane  and  Triethoxychloro- 
silane.  The  ethoxysilanes  were  produced  by  adding  a  mixture  of  pyridine 
and  ethanol  to  silicon  tetrachloride  at  0°  in  a  benzene  or  pentane  solvent 
during  1  hr.  (5). 

Methyllithium.  An  ethyl  ether  solution  of  methyllithium  was  pre- 
pared from  86.1  g.  (12.34  g.  atoms)  of  lithium  according  to  the  published 
procedure  (6). 

Heptafluoro-1-iodopropane.  A  total  of  21.7  pounds  of  silver  hepta- 
fluorobutyrate  and  19  pounds  of  iodine  was  converted  to  heptafluoro-1- 
iodopropane,  (63.7%)  according  to  the  published  procedure  (7). 

Reactions  of  Heptafluoropropyllithium 

With  Methyltriethoxysilane.  Methyllithium  (326  ml.,  1.125  N,  Q.366 
mole)  was  added  simultaneously  with  65  g.  (0.366  mole)  of  methyl- 
triethoxysilane during  1  hr.  to  108.2  g.  (0.366  mole)  of  heptafluoro-1- 
iodopropane  dissolved  in  200  ml.  of  anhydrous  ether  at  -42°.  The  solution 
was  maintained  between  -40  and  -55°  for  5  hrs.,  -38  to  -26°  for  4  hrs. 
and  -26  to  10°  for  15  hrs.  Raising  the  temperature  to  35°  gave  9.7  g. 
(17.6%)  of  hexafluoropropene.  The  ether  solution  was  distilled  and  the 
residue  transferred  with  dry  benzene  to  two  250  ml.  centrifuge  tubes 
and  the  solid  was  removed  by  centrifugation. 

The  benzene  solution  was  rectified  to  give  47. 4g.  (73%)  of  recovered 
methyltriethoxysilane  and  no  perfluoropropyl-substituted  silane. 

With  Trimethylchlorosilane;  (A)  In  Ethyl  Ether:  Chlorotrimethyl- 
silane  (b.p.  57.3°,  nr)20  1.3890)  (27  g.,  0.25  mole)  was  dissolved  in  50  ml. 
of  anhydrous  ether  and  added  during  xk  hr.  along  with  165  ml.  of  1.52  N 
methyllithium  (0.25  mole)  to  74  g.  (0.25  mole)  of  heptafluoro-1-iodopro- 
pane  dissolved  in  200  ml.  of  ether  and  maintained  at  -30  ±  3°.  The 
chlorosilane  was  kept  in  excess,  and  the  addition  of  methyllithium  was 
completed  15  mins.  later  than  the  addition  of  the  silane.  The  tempera- 
ture was  raised  to  -18°  during  45  mins.,  to  -10°  during  the  next  15 
mins.  and  to  6°  during  the  next  45  mins.  Hexafluoropropene  (27  g.,  72%) 
was  collected  and  the  solution  was  refluxed  to  distill  off  the  majority  of 
an  azeotrope,  b.p.  32-35°,  and  the  residue  (about  14  ml.)  was  rectified. 
The    remainder    of   the    ether   heptafluoro-1-iodopropane    azeotrope    was 
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removed   (35-45°)   and  3.9  g.   (6.3%)   of  trimethyl(heptafluoropropyl)sil- 
ane  was  obtained,  b.p.  88°;  nD20  1.3222. 

In  Butyl  Ether.  A  few  crystals  of  ferrous  sulfate  hexahydrate  was 
added  to  600  ml.  of  butyl  ether  which  was  then  distilled,  discarding  the 
forerun;  b.p.  to  72°  at  72  mm.,  and  approx.  20  ml.  of  brown  residue. 
The  product  which  boiled  constantly  at  72°  at  72  mm.  was  dried  over 
calcium  hydride  for  24  hrs. 

Five  hundred  ml.  of  an  ethyl  ether  solution  of  methyllithium  (1.25  N, 
0.76  mole)  was  added  to  the  butyl  ether  and  the  ethyl  ether  was  removed 
by  gradually  reducing  the  pressure  and  elevating  the  pot  temperature. 
The  resulting  slurry  was  added  slowly  during  1  hr.  to  65  g.  (0.596  mole) 
of  trimethylchlorosilane  and  177  g.  (0.597  mole)  of  heptafluoro-1-iodo- 
propane  dissolved  in  50  ml.  of  anhydrous,  peroxide-free  butyl  ether, 
maintained  between  -40  and  -45°.  The  solution  was  then  maintained 
between  -38  and  -4°  for  64  hrs.  and  was  then  allowed  to  reach  room 
temperature  during  8  hrs.  The  solution  was  heated  to  85°  and  the 
gaseous  products  were  collected  in  a  Dry  Ice  trap.  These  consisted  of 
50  g.  (56%)  of  hexofluoropropane,  b.p.  -30°,  15  g.  of  a  material,  b.p. 
12.4°,  which  was  crude  trimethylfluorosilane. 

Rectification  of  the  residue  remaining  after  distilling  of  the  butyl 
ether  gave  46.7  g.  (27%)  of  heptafluoro-1-iodopropane,  and  1.1  g.  (2.7%) 
trimethyl(heptafluoropropyl)silane  b.p.  84-86°,  nD^o  1.3508. 

Preparation  of  Trimethylfluorosilane.  Trimethylchlorosilane  (54.2  g., 
0.5  mole)  was  dissolved  in  200  ml.  of  butyl  ether  (free  of  peroxides)  and 
stirred  with  13  g.  (0.5  mole)  of  anhydrous  lithium  fluoride.  The  tem- 
perature was  raised  to  reflux,  and  after  several  hours,  1  g.  of  low  boiling 
material  with  a  pungent  odor  distilled  over  with  1  g.  of  trimethylchloro- 
silane. The  low  boiling  material  was  distilled  from  trap  to  trap  and  an 
infrared  absorption  curve  made.  The  principal  peaks  were  at  3.48,  7.98, 
11.00,  11.80,  13.00,  and  13.25  ^  Smaller  peaks  were  found  at  4.56,  6.87, 
8.75,  10.25  and  10.60  ^,  with  shoulders  at  7.92  and  11.15  ^  Peaks  not 
found  in  trimethylchlorosilane  are  those  at  4.56,  8.75,  11.0  and  13.25  ^. 
The  peak  at  10.60  /x  is  apparently  shifted  from  10.34. 

The  molecular  weight  of  this  low  boiling  gas  was  92  ((CH3)3SiF  = 
92). 

Eight  grams  of  an  azeotrope  of  trimethylchlorosilane,  b.p.  42°,  nD2o 
1.3707,  was  obtained  from  the  butyl  ether  after  heating  at  reflux  three 
days.  This  was  separated  by  hydrolysis  to  give  0.3  g.  of  n-butyl  fluoride, 
b.p.  26°,  nD20  1.3450  (lit.  327745,  nD20  1.3419)  and  trimethylsiloxane, 
b.p.  96°.  There  was  also  recovered  27  g.  of  trimethylchlorosilane,  b.p. 
58°,  nD2o  1.3842. 

With  Dimethyldichlorosilane.  One  liter  of  a  methyllithium  solution 
(2.15  moles)  was  added  to  a  mixture  of  278  g.  (2.15  moles)  of  dimethyl- 
dichlorosilane, 637  g.  (2.15  moles)  of  heptafluoro-1-iodopropane  and  400 
ml.  of  pentane  at  -70°  during  one  hour.  The  solution  was  warmed  to 
-40°  in  one  hour  and  then  cooled  to  -78°;  an  additional  liter  of  methyl- 
lithium was  quickly  added  and  the  solution  warmed  to  27°.  On  refluxing 
76  g.  (24%)  of  hexafluoropropene  was  evolved.   The  solution  was  filtered, 
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the  low  boiling  mixture  of  pentane,  ether,  heptafluoropropyl-1-iodopro- 
pane  and  methyl  iodide  removed,  and  the  residue  rectified. 

There  was  obtained  42  g.  (8.1%)  of  trimethyl(heptafluoropropy) 
silane  b.p.  89.9°,  nD20  1.3222,  d4?o  1.18,  and  160.5  g.  (38%)  of  dimethylbis 
(heptafiuoropropyl)silane,  b.p.  133.5°,  n^-'O  1.3110,  d4^>  1.57. 

With  Ethylvinyldichlorosilane.  Methyllithium  (1.05  1.,  0.935  mole) 
was  added  during  30  mins.  to  a  mixture  of  277  g.  (0.935  mole)  of  hepta- 
fluoro-1-iodopropane,  145  g.  (0.935  mole)  of  ethylvinyldichlorosilane  and 
500  ml.  of  pentane  maintained  below  -64°.  The  solution  was  warmed  to 
-43°  during  1  hr.,  cooled  to  -78°  and  0.5  liter  (0.935  mole)  additional 
methyllithium  added.  Refluxing  the  solution  for  one  hour  gave  40  g. 
(28.5%)  of  hexafluoropropane.  After  removal  of  the  pentane-heptafluoro- 
1-iodopropane-ether-methyl-iodide  azeotrope,  the  residue  was  washed 
three  times  with  distilled  water  to  give  185  g.  of  a  light  yellow  solution, 
which  was  rectified  to  give  78  g.  (31%)  of  ethylmethyl(heptafluoropropyl) 
vinylsilane,  b.p.  82-83° /2  mm.,  nD20  1.3568,  d420  1.27. 

Anal.  Calcd.  for  C8HnF7Si:   MR  45.75.    Found:   MR  47.20. 

With  Diethoxydichlorosilane.  A  methyllithium  solution  (650  ml.,  2.09 
N,  1.36  moles)  was  added  simultaneously  with  128.5  g.  (0.68  mole)  of 
diethoxydichlorosilane  to  403  g.  (1.36  moles)  of  heptafluoro-1-iodopropane 
cooled  to  -78°  and  maintained  between  -43  and  -45°  during  the  addition, 
which  required  1.5  hrs.  After  the  solution  was  maintained  at  -43°  for 
2  days,  it  was  warmed  to  room  temperature  and  75  g.  (37%)  of  hexa- 
fluoropropene  was  obtained. 

With  Methyltrichlorosilane.  (A)  Methyllithium  (440  ml.,  1.125  N., 
0.495  mole)  and  methyltrichlorosilane  (74  g.,  0.495  mole)  in  50  ml.  of 
ether  were  added  simultaneously  to  heptafluoro-1-iodopropane  (146  g., 
0.495  mole)  in  200  ml.  of  ether  at  -40°  during  1.5  hrs.  The  solution  tem- 
perature which  was  -5°  after  4  hrs.  was  lowered  to  -30°,  and  then 
allowed  to  rise  to  -12°  during  28  hrs.  The  solution  was  refluxed, 
and  18  g.  (24%)  of  hexafluoropropene  was  collected  in  the  Dry  Ice 
trap.  All  material  boiling  below  45°  was  removed.  The  residual  liquid 
was  distilled  from  the  solid  into  a  trap  at  -74°,  by  reducing  the 
pressure  in  stages  to  0.5  mm.  and  raising  the  mantle  temperature 
at  100°.  The  liquid  was  distilled  and  the  fraction,  b.p.  48-65°/ 158 
mm.,  nD2()  1.3230-1.3152,  was  refractionated  to  give  14.5  g.  (14%)  of 
methylbis(heptafluoropropyl)chlorosilane,  b.p.  64.5-65°/158  mm.,  nD20 
1.3168-1.3145. 

Anal.  Calcd.  for  C7H13F14C1:  C,  20.1;  H,  0.72;  CI,  8.53;  F,  63.90, 
MR  51.37.   Found:    C,  23.61;  H,  1.59;  CI,  7.66;  F,  63.48,  MR  51.30. 

(B)  Methyllithium  (500  ml.,  1.52  N,  0.75  mole)  was  added  during  2 
hrs.  to  a  mixture  of  224  g.  (1.5  mole)  of  methyltrichlorosilane,  223  g. 
(0.75  mole,  112  ml.)  of  heptafluoro-1-iodopropane  and  50  ml.  of  ether 
contained  in  a  one  liter  3-necked  flask  and  maintained  at  -24  to  -58° 
for  24  hrs.  and  then  allowed  to  warm  to  room  temperature.  The  isolation 
of  the  product  was  similar  to  that  for  (A)  and  gave  21.5  g.  (10.3%)  of 
product. 
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With  Ethyltrichlorosilane.  Methyllithium  (500  ml.,  of  1.52  N,  0.76 
mole)  was  added  dropwise  to  a  mixture  of  245  g.  (1.5  mole)  of  ethyltri- 
chlorosilane, 223  g.  (0.75  mole)  of  heptafluoro-1-iodopropane  and  50  ml. 
of  ether  maintained  at  -40  to  -45°  during  1.5  hrs.  The  temperature  was 
then  maintained  for  20  hrs.  at  -30°. 

Five  hundred  grams  of  heptafluoro-1-iodopropane-ether  azeotrope 
boiling  at  31°  was  removed  through  a  2'  glass  helices-filled  column. 
Pentane  (150  ml.)  was  then  added,  the  solution  treated  with  5  g.  of 
activated  carbon,  and  filtered  with  suction  into  a  chilled  flask.  The 
pentane  was  removed  through  the  2'  glass-helices  -filled  column,  and  the 
resulting  residual  solution  was  rectified  through  a  3'  glass  helices-filled 
Todd  column  (18  plates)  to  give  the  following  fluorine-containing  frac- 
tions: (a)  41.5  g.  (10.6%),  b.p.  83.5°/92  mm.,  nD20  1.3871  d420  1.6755 
C3F7Si(C2H5)Cl2  MR  Calcd.  43.29.  Found:  41.95.  (b)  18  g.  (11.6%) 
b.p.  6174  mm.,  nD20  1.3344,  d420  1.5500.  (C3F7)oSi-(CoH5)CH3  MR  Calcd. 
53.83  found  55.1. 

With  Methyldiethoxychlorosilane.  Methyllithium  (500  ml.,  1.52  N, 
0.76  mole)  and  methyldiethoxychlorosilane  (84  g.,  0.5  mole)  dissolved  in 
100  ml.  of  ether  were  added  simultaneously  during  two  hours  to  hepta- 
fluoro-1-iodopropane  (296  g.,  1.0  mole)  maintained  at  -40°.  The  tempera- 
ture was  then  allowed  to  rise  to  27°  during  66  hrs.  The  solution  was 
then  refluxed  and  the  hexofluoropropene  distilled  through  a  2  ft.  stainless 
steel  Heligrid-packed  column  into  a  trap  cooled  to  -74°;  this  was  followed 
by  the  ethermethyl  iodide-heptafluoro-1-iodopropane  azeotrope,  b.p. 
30-38°.  Rectification  gave  46  g.  (40.4%)  of  hexafluoropropene,  b.p.  -30 
to  -28°.  Pentane  (125  ml.)  was  added  to  the  residue,  the  solid  removed 
by  centrifugation,  and  the  supernatant  rectified.  There  was  obtained  19 
g.  of  methyldiethoxyfluorosilane,  b.p.  100.5°  nD20  1.3558. 

Anal.  Calcd.  for  C5H13FSi02:  C,  39.50;  H,  8.50;  F,  12.31.  Found: 
C,  39.37;  H,  8.60;  F,  13.12. 

With  Ethoxytrichlorosilane.  (A)  Methyllithium  (1,100  ml.,  2.09  N) 
(2.29  moles)  was  added  simultaneously  with  207  g.  (1  mole)  of  ethoxy- 
trichlorosilane to  680  g.  (2.29  moles)  of  heptafluoro-1-iodopropane  main- 
tained between  -55  and  -60°  during  the  addition  period  of  two  hours. 
The  solution  was  kept  below  -48°  for  48  hrs.  and  then  slowly  warmed  to 
room  temperature  during  24  hrs.  One  hundred  and  twenty  grams  (4.8 
mole,  35%)  of  hexafluoropropene  was  collected  and  redistilled.  The  ether- 
heptafluoroiodopropane  azeotrope  was  distilled  through  a  IV2'  column, 
pentane  was  added  until  the  distillation  temperature  was  37°,  and  the 
residue  was  filtered.  The  filtrate  was  rectified  through  an  18  plate 
column  to  give  2.9  g.  of  methylheptafluoropropylethoxychlorosilane  b.p. 
117.5°/ 135  rams.,  nD20  1.3208.  This  reaction  was  repeated  several  times 
and  equimolar  quantities  of  ethoxytrichlorosilane  and  heptafluoro-1-iodo- 
propane  were  added  to  pentane  and  cooled  to  -78°.  An  equimolar  amount 
of  a  solution  of  methyllithium  in  ether  was  added  during  V2  hr.,  main- 
taining the  temperature  between  -50  and  -60°.  The  temperature  was 
raised  to  -40°  for  one  hour  and  then  cooled  to  -78°,  where  an  additional 
equimolar  amount  of  methyllithium  was  added  over  twenty  minutes.   The 
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solution  was  then  rapidly  warmed  to  room  temperature,  filtered  and  rec- 
tified. Three  separate  runs  were  made  using  a  total  of  803  g.  (4.4  moles) 
of  ethoxytrichlorosilane,  1294  g.  (4.03)  heptafluoro-1-iodopropane  and 
8.2  moles  of  methyllithium. 

The  runs  were  combined  after  removal  of  the  hexofluoropropene  and 
rectified.  The  crude  fractions  (214  g.)  b.p.  47-72° /8  to  0.5  mm.  were 
combined  and  refractionated  to  give  49.5  g.  (9.2%)  of  crude  methylhepta- 
fluoropropylethoxychlorosilane,  b.p.  49-54°/ 18  mm.  nD2o  1.3329  and  87.2  g. 
(9.6%)    of   bis(heptafluoropropyl)ethoxychlorosilane,   b.p.    54-55° /4   mm. 

>  71.3144. 

Silicon  Tetrachloride.  Methyllithium  (2.09  N,  1.05  moles)  was  added 
simultaneously  with  34  g.  (0.2  mole)  of  silicon  tetrachloride  dissolved  in 
100  ml.  of  ether  to  310  g.  (1.05  moles)  of  heptafluoro-1-iodopropane  main- 
tained between  -55  and  -65°  during  1.5  hrs.  The  temperature  was  then 
maintained  between  -42  and  -45°  for  six  hours  and  below  25°  for  two 
hours.  Distillation  through  the  18"  glass  helices-packed  column  gave  72  g. 
(47%)  of  hexafluoropropene  and  a  fuming  silane.  The  solid  (210  grams) 
was  filtered  and  the  low  boiling  solvents  was  removed.  The  residue  (18 
g.)  was  then  rectified  through  a  3'  glass  helices-packed  Todd  column  to 
give  crude  tris(heptafluoropropyl)methylsilane  b.p.  130-133°  (1.9  g.), 
nD20  1.3078,  d420  1.65. 

Anal.  Calc'd  for  C10H3FolSi:  C,  21.80;  H.  0.54;  F,  72.6.  Found:  C, 
25.2;  H,  0.95;  F,  71.7. 

Summary 

The  reaction  of  heptafluoropropyllithium  with  functional  silanes  has 
given  compounds  having  a  perfluoropropyl  group  attached  directly  to  the 
silicon  atom. 
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Liquid  Phase  Chlorination  of  1,1,1-Trifluoropropane1 

By  E.  T.  McBee,  C.  W.  Roberts,  G.  F.  Judd  and  T.  S.  Chao, 

Purdue  University 

We  desired  to  obtain  3,3,3-trifluoro-l-chloropropane  in  quantity  for 
the  preparation  of  fluorinated  silanes.  (1)  Vapor  phase  chlorination 
(2,3,4,5)  of  1,1,1-trifluoropropane  produces  low  yields  of  the  mono-  and 
dichloroderivatives,  and  is  cumbersome  on  a  large  scale.  We  have  de- 
veloped a  laboratory  apparatus  based  on  earlier  works  of  E.  Rapkin  (6) 
for  rapidly  chlorinating-  1,1,1-trifluoropropane  in  the  liquid  state  to  yield 
65%  of  3,3,3-trifluoro-l-chloropropane. 

Experimental 

The  chlorination  system  (Fig.  1)  was  found  to  be  completely  free  of 
pin  holes  by  testing  under  vacuum  with  a  Tesla  Coil.  Trifluoropropane, 
444  g.  (4.53  moles)  was  distilled  from  A  to  B,  chlorine  was  passed  in  at 
a  rate  of  12.5  liters  per  hour,  and  the  product  was  drawn  off  continuously 
at  C.  The  solution  was  irradiated  with  a  mercury  arc  9"  from  B  and 
chlorine  was  admitted  until  a  greenish  yellow  coloration  appeared  and 
finally  disappeared  when  the  temperature  of  B  (thermometer  well  not 
shown)  was  raised  to  -14°.  Chlorine  was  then  passed  in  continuously  at 
a  rate  of  12.5  l./hr.  The  temperature  of  the  reaction  mixture,  B,  was 
maintained  as  close  to  -14°  as  possible  by  addition  of  Dry  Ice.  At  15 
min.  intervals,  approximately  25  ml.  of  the  solution  from  B  was  drained 
into  A,  and  at  all  times  a  small  continuous  stream  was  allowed  to  flow 
in  this  direction.  Within  5  hrs.  the  temperature  in  B  was  allowed  to  rise 
to  -8°.  The  entire  contents  of  B  were  then  drained  into  A,  where  the 
temperature  was  raised  to  45°.  This  procedure  was  repeated  at  the  7,  8, 
9,  12,  14,  and  15  hr.  points.  Liquid  condensate  in  trap  D  was  distilled  into 
B  twice  during  the  reaction.  The  reaction  was  discontinued  at  the  15^ 
hr.  point,  at  which  time  liquid  was  refluxing  into  B  from  the  Dry  Ice- 
Triclene  cooled  condenser  at  a  rate  of  1  drop/3  sec.  Five  grams  (1.12%) 
of  trifluoropropane  remained  unreacted.  There  was  obtained  after  rec- 
tification in  an  18.5  plate  glass-helices-packed  column  21.5  g.  (1.54%)  of 
l,l,l-trifluoro-2-chloropropane,  b.p.  30°/750  mm.,  np20  1.3158,(4)385  g. 
(65%)  of  3,3,3-trifluoro-l-chloropropane,  b.p.  46°,  n^o  1.3300  (4)  and  158 
g.  (21%)  of  l,l-dichloro-3,3,3-trichloropropane  (3,4).  The  significant  in- 
frared absorption  maxima  are  listed  in  Table  I. 
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a.  Absorption  intensity  :  s,  strong  ;  m.  medium  ;  w,  weak. 

b.  Determined  with  the  Perkin-Elmer,  model  21,  Infrared  Spectrometei 
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CHLORINATION   APPARATUS    FOR 
LOW  80ILING  LIQUIDS 

FI6URE     I 


Summary 

An  improved  liquid  phase  chlorination  process  has  been  developed 
pnaration   of   1 -rh1oro-3.3.2-trifliiororiror>flriP. 


.tt.il    impruveu    nqiuu    pirnse    ciiiuriiia.Liuii    process 

for  the  preparation  of  l-chloro-3,3,3-trifluoropropane. 


"The  authors  wish  to  thank  the  Materials  Division  of  Wright  Field,  Dayton, 
Ohio,  for  the  grant  supporting  this  research. 
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ABSTRACTS 

Some  Pointers  of  Value  to  Strawberry  Growers  Gleaned  from  a 
Decade  of  Strawberry  Research.  G.  Edw.  Marshall,  Purdue  University 
Agricultural  Experiment  Station. — When  it  is  impossible  to  cultivate 
ground  for  several  years  to  destroy  weeds  and  grass  before  setting  to 
strawberries,  probably  the  next  best  practice  is  to  turn  under  sod,  treat 
the  ground  to  kill  soil  insects,  and  set  it  to  berries.  Spacing  plants  from 
eight  to  ten  inches  apart  pays  as  does  irrigation  and  the  use  of  Crag 
herbicide  to  prevent  the  over-development  of  plants  and  weeds  in  late 
summer  and  fall.  The  control  of  leaf  feeding  insects  by  sprays  is  a 
profitable  practice  as  is  the  application  of  a  liberal  number  of  Captan 
sprays  to  prevent  fruit  rot  at  picking  time.  Under  such  practices  the 
rate  of  return  per  acre  on  Robinson  in  1955  was  $7200  gross. 
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Mites  on  Tree  Fruits  and  Brambles  in  Indiana 
and  Neighboring  States 

D.  W.  Hamilton,  Entomology  Research  Branch,  Agr.  Res.  Serv.,  U.S.D.A. 

Mites  have  long  been  known  as  important  pests  of  tree  fruits  and 
brambles.  In  the  last  ten  years  they  have  appeared  in  threatening  or 
damaging  numbers  much  more  generally  and  regularly  than  previously. 
Their  increase  in  importance  occurred  coincidentally  with  the  use  of  DDT 
and  certain  other  insecticides.  The  circumstantial  evidence  placing  at 
least  some  of  the  blame  on  the  new  insecticides  has  been  confirmed  by 
studies  showing  that  many  of  them  are  extremely  toxic  to  the  natural 
enemies  of  mites.  This  is  illustrated  by  the  number  of  beneficial  insects 
collected  at  the  Vincennes  laboratory  under  trees  sprayed  with  DDT  in 
1945.  The  numbers  of  specimens  per  tree  collected  on  tables  5  feet 
square  were  as  follows: 

Triphleps  insidiosus    1225 

Chrysopidae     475 

Syrphidae    50 

Pselaphidae     50 

Stethorus  punctum   175 

Coccinellidae  (other  than  S.  punctum) 150 

It  is  likely  that  many  more  predators  were  killed  than  these  figures 
indicate.  Some  may  not  have  fallen  from  the  leaves  or  may  have  been 
blown  away.  Still  others  are  so  small  that  they  may  have  been  over- 
looked; these  predators  include  predacious  thrips,  Mantispidae,  and 
Typhlodromus,  Mediolata,  and  Pronematus  mites.  In  some  areas  the 
Typhlodromus  mites  are  considered  the  most  important  predators  of  the 
injurious  species.  They  are  readily  killed  by  DDT  and  other  organic 
insecticides. 

Mites  reproduce  rapidly  under  favorable  condition.  Populations  can 
develop  to  injurious  proportions  almost  before  one  realizes  his  fruit  trees 
or  berry  bushes  are  infested.  This  is  especially  true  following  the  appli- 
cation of  sprays  that  destroy  their  natural  enemies. 

Mites  have  been  known  at  least  since  the  days  of  Linnaeus,  but  few 
scientists  gave  attention  to  their  description  and  classification  until 
recently.  The  result  has  been  confusion  and  uncertainty  concerning  the 
identity  of  species.  The  situation  is  now  greatly  improved.  More  accurate 
descriptions  and  clearer  keys  have  been  prepared,  which  enable  field 
workers  to  identify  the  more  common  species  and  the  specialists  to  give 
accurate  determinations.  Misconceptions  concerning  genera  and  species 
are  being  rapidly  cleared  up  and  order  is  replacing  confusion.  The  fol- 
lowing publications  have  contributed  greatly  to  the  improved  under- 
standing of  mite  taxonomy  during  the  last  five  years: 

Mites  of  the  Family  Tetranychidae.   E.  A.  McGregor.  American  Mid- 
land Naturalist  44  (2):  257-420,  1950. 
A   Guide   to   the   Spider  Mites   of   Deciduous   Fruit  Trees.    A.   Earl 
Pritchard   and   Edward   W.   Baker.    Hilgardia  21    (9):    253-287, 
1952. 
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A  Guide  to  the  Predatory  Phytoseiid  Mites  of  the  United  States. 
Frederick  Cunliffe  and  Edward  W.  Baker.  Pinellas  Biological 
Laboratory,  Inc.,  Publication  No.  1,  28  pp.,  1953. 

A  Revision  of  the  Spider  Mite  Family  Tetranychidae.  A.  Earl 
Pritchard  and  Edward  W.  Baker.  San  Francisco  Pacific  Coast 
Entomological  Society  Memoirs,  Series  2,  472  pp.,  1955. 

The  species  of  mites  occurring  in  orchards  and  berry  plantings  in 
Indiana  and  surrounding  states  are  only  now  becoming  known.  For  many 
years  injury  by  mites  in  this  area  was  sporadic  and  light;  in  fact,  the 
injury  was  often  attributed  to  dry  weather,  lack  of  nutrition,  or  other 
devitalizing  factors.  The  European  red  mite  was  the  species  most  com- 
monly found  until  recently.  In  1945  L.  F.  Steiner  encountered  the  two- 
spotted  spider  mite,  and  in  1948  he  recorded  a  third  species  near  Omaha, 
111.,  identified  as  Septanychus  sp.  at  the  time,  but  now  believed  to  have 
been  Tetra?iychus  canadensis  (McG).  Septanychus  is  now  a  synonym  of 
Tetranychus. 

In  1952  surveys  were  initiated  to  determine  the  species  of  mites 
present  on  fruit  crops  in  an  area  extending  486  miles  from  Benton 
Harbor,  Mich.,  south  to  Jackson,  Tenn.,  and  324  miles  from  Muncie,  Ind., 
west  to  Louisiana,  Mo.  Although  emphasis  was  placed  on  apples  and 
peaches,  other  fruit  crops,  particularly  those  in  the  vicinity  of  orchards, 
were  included.  These  surveys,  which  have  continued  to  date,  have  pro- 
vided valuable  information  on  the  distribution  and  abundance  of  the 
species  occurring  in  that  area. 

The  species  collected  have  been  divided  into  three  groups  for  this 
report:  plant  feeders  or  injurious  species,  predacious  or  beneficial  species, 
and  those  of  undermined  habits,  thought  to  feed  on  mosses  or  lichens 
rather  than  on  the  tree  itself.  Collections  and  identifications  of  predacious 
mites  were  incidental  to  those  of  the  plant  feeding  species.  The  identifica- 
tions were  made  by  E.  W.  Baker,  of  the  Entomology  Research  Branch. 

Plant  Feeders  or  Injurious  Species 

Bryobia  praetiosa  Koch.  It  is  known  commonly  as  the  clover  or 
brown  mite.  The  type  specimens  are  from  shrubbery  in  Germany.  The 
only  collection  on  fruit  was  from  pears  at  Vincennes,  Ind.  This  species 
is  a  pest  of  apples  in  other  areas,  and  is  a  common  nuisance  in  homes, 
especially  in  new  developments  around  cities. 

Eotetranychus  frosti  McGregor.  The  type  specimens  are  from  rose 
in  Tempe,  Arizona.  The  species  was  not  described  until  1952.  It  was 
collected  on  black  raspberries  near  Louisiana,  Mo.,  in  1952  and  Vincennes, 
Ind.,  in  1953.  These  are  the  first  known  collections  of  this  species  in 
this  area. 

Metatetranychus  ulmi  Koch.  Ih  is  known  commonly  as  the  Euro- 
pean red  mite.  This  species  was  described  in  1836  from  specimens  col- 
lected near  Regensburg,  Germany.  It  was  found  throughout  the  area 
surveyed  and  on  all  kinds  of  deciduous  fruits,  but  was  not  nearly  as 
prevalent  in  Tennessee  and  southern  Kentucky  as  farther  north.  It  was 
generally  present  in  southern  Indiana,  and  north  of  Indianapolis  was 
commonly  the  predominant  species  on  apples.  It  is  not  a  spinning  mite 
and  does  not  form  a  web. 
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Tetranychus  atlanticus  McGregor.  The  type  specimens  are  from 
strawberry  in  Chadbourn,  N.  C.  It  was  collected  only  on  clover  in  an 
apple  orchard  at  Louisiana,  Mo.  It  most  commonly  occurs  on  low-growing 
plants,  but  has  been  reported  to  feed  on  apples  and  peaches. 

Tetranychus  canadensis  McGregor.  The  type  specimens  are  from 
apple  in  Ontario,  Canada.  It  was  collected  on  apples  near  Sodus,  Mich.; 
Bristol,  La  Porte,  Wabash,  and  Vincennes,  Ind.;  Cobden,  111.;  Henderson, 
Sturgis,  Paducah,  and  Mayfield,  Ky.;  and  Greenfield  and  Jackson,  Tenn. 
This  species  was  not  collected  on  peaches  or  brambles.  Although  it  was 
described  originally  from  specimens  collected  in  Canada,  the  heaviest 
infestations  were  found  in  Tennessee  and  southern  Illinois,  where  it  was 
often  the  dominant  species. 

Tetranychus  mcdanieli  McGregor.  It  is  known  commonly  as  the 
McDaniel  mite.  The  type  specimens  are  from  raspberry  at  Bridgman, 
Mich.  This  species  was  collected  on  red  raspberries  near  Stevensville, 
Mich.  It  is  a  serious  pest  of  apples  in  the  State  of  Washington  and  is 
know  to  infest  apples  and  plums  in  that  area.  However,  it  is  not  gen- 
erally of  economic  importance  in  the  Midwest  except  on  raspberry. 

Tetranychus  schoenei  McGregor.  It  is  known  commonly  as  the 
Schoene  or  yellow  mite.  The  type  specimens  are  from  apple  at  Win- 
chester, Va.  This  species  was  collected  on  apples  near  Covington,  Ind.; 
Belleville,  111.;  and  Louisiana,  Mo.;  on  peaches  near  Belleville,  111.;  and 
on  black  raspberry  near  Vincennes,  Ind.  In  a  large  orchard  near  Belle- 
ville, 111.,  this  was  the  only  mite  present,  and  it  was  causing  severe 
damage  to  both  apples  and  peaches. 

Tetranychus  telarius  L  ( =  bimaculatus  Harvey) ,  commonly  called 
the  two-spotted  spider  mite.  The  type  specimens  are  from  Sweden.  This 
species  was  collected  on  numerous  occasions  on  apples,  peaches,  and 
plums  throughout  the  area  surveyed.  It  was  more  abundant  in  the 
southern  half  of  Indiana  than  in  the  northern  half.  In  the  southern  half 
it  was  often  the  predominant  species  on  apples  and  peaches. 
Predacious  or  Beneficial  Species 

Hemisarcoptes  mains  Shimer.  It  has  been  commonly  taken  on 
apples  at  Vincennes,  Ind.  This  mite  is  also  an  important  predator  of 
scale  insects.    Like  the  typhlodromids,  it  is  readily  killed  by  DDT. 

Typhlodromus  fallacis  Garman.  This  species  was  taken  on  apples 
at  Covington,  Mooresville,  Linton,  and  Vincennes,  Ind.,  and  at  Louisiana, 
Mo.  It  was  also  taken  on  red  raspberry  at  Stevensville,  Mich.  It  seems 
to  be  the  most  common  typhlodromid  mite  found  on  apple  in  this  area. 
Plant-feeding  mites  present  at  the  same  places  include  Tetranychus 
telarius,  schoenei,  mcdanieli,  canadensis,  and  Metatetranychus  ulmi. 

Typhlodromus   longipilis   Nesbitt.    This   species   has  been   taken   on 
apple   at   Covington,   Linton,   and   Vincennes,   Ind.     Plant-feeding   mites 
present  were  M.  ulmi,  T.  canadensis,  telarius,  and  schoenei. 
Mites  of  Undetermined  Habits 

Tarsonemids  are  often  found  on  apple  trees.  In  the  investigations 
at  Vincennes  it  was  not  determined  that  they  were  either  injurious  or 
beneficial,  but  it  is  believed  that  they  are  fungus  feeders  and  not  of 
economic  importance.  Like  the  typhlodromids,  they  are  readily  killed 
with  DDT. 


Insects  of  Indiana  in  1955 

J.  J.  Davis,  Purdue  University 

During*  1955,  major  insect  problems  have  been  fewer  and  less  im- 
portant than  for  several  years. 

Field  Crop  Insects 

The  common  army  worm  (Pseudaletia  unipuncta) ,  which  was  so 
abundant  and  destructive  in  1953  and  1954,  was  of  little  importance  in 
1955,  doubtless  due  to  the  activity  and  effectiveness  of  natural  enemies. 
A  few  reports  of  abundance  were  received  but  none  warranted  serious 
consideration. 

Cutworms  {Peridroma,  margaritosa  and  Agrotis  ypsilon)  were  en- 
countered in  a  few  areas  but  not  as  conspicuous  and  destructive  as  in 
the  past  few  years. 

The  European  corn  borer  (Pyrausta  nubilalis)  wintered  over  in 
somewhat  larger  numbers  than  the  previous  year,  but  the  first  genera- 
tion provided  only  moderate  to  light  infestations  this  year  (1955).  How- 
ever, favorable  conditions  for  the  second  generation  and  especially  on 
late  planted  corn,  resulted  in  considerable  loss,  estimated  at  about 
$10,000,000.00.  Breakage  of  corn,  due  to  the  corn  borer  is  slight  when 
compared  with  the  severe  lodging  caused  by  disease  rot.  The  population 
of  overwintering  borers  is  light  in  southwestern  and  southwest  central 
Indiana.  The  average  for  the  State  is  172  borers  per  100  plants,  higher 
than  for  several  years. 

Grasshoppers,  which  were  major  pests  in  southern  Indiana  in  1953 
and  in  northern  Indiana  in  1954,  were  unimportant  in  1955,  although 
there  were  a  few  isolated  outbreaks  in  the  northern  part  of  the  State. 
Several  reports  of  damage  to  canning  tomatoes  were  received  from  north- 
western Indiana.  It  is  interesting  to  note  that  blister  beetles  were 
exceptionally  abundant  in  southern  Indiana  in  1954  and  to  a  lesser 
extent  in  1955.  This  situation  is  reflected  in  the  abundance  of  grass- 
hoppers in  previous  years,  the  blister  beetle  larvae  being  predaceous  on 
grasshopper  eggs. 

The  chinch  bug  (Blissus  leucopterous)  which  threatened  in  1955  did 
not  materialize.  Even  so,  there  are  many  bugs  in  hibernation  in  some 
regions  and  with  favorable  conditions  in  the  spring  of  1956,  they  could 
be  major  pests. 

Spittle  bugs  (Philaenus  leucopthalmus)  began  hatching  in  central 
Indiana  April  15.  Infestations  were  general  but  not  as  severe  as  in 
recent  years,  excepting  in  southwestern  Indiana,  where  the  infestations 
were  heavier  than  usual.  It  has  become  a  regular  practice  to  spray  for 
spittle  bugs  which  may  explain  less  trouble  from  this  pest. 

Hessian  fly  (Phytophaga  destructor)  became  very  abundant  the  past 
spring,  especially  in  southwestern  Indiana  and  caused  complete  losses 
of  the  wheat  crop  in  some  cases.  There  were  also  considerable  losses  in 
some  other  parts  of  the  State.    Although  most  wheat  was  sowed  on  the 
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recommended  dates,  another  factor  entered  in  the  picture.  There  was 
an  unusually  large  amount  of  volunteer  wheat  in  the  fall  of  1954  and 
many  flies  were  able  to  pass  the  winter  and  attack  wheat  in  the  spring 
of  1955.  Another  possible  reason  for  the  fly  abundance  in  some  areas 
was  the  dry  conditions  which  prevented  fly  emergence  in  the  fall  and  a 
carry-over  until  spring. 

From  1911  till  1920,  federal  entomologists  located  at  Lafayette  and 
state  workers,  carried  on  date  of  sowing  plantings  from  Michigan  to 
Tennessee  and  from  Ohio  to  Missouri.  These  studies  resulted  in  definite 
recommendations  for  sowing  dates.  By  1930  farmers  almost  universally 
had  adopted  the  fly-free  dates.  Previous  to  1920,  we  were  experiencing 
heavy  losses  on  an  average  every  2  or  3  years.  Since  1930  there  have 
been  comparatively  little  loss  from  the  fly,  good  evidence  of  the  value  of 
the  fly-free  date  recommendations. 

Fall  army  worm  (Laphygma  frugiperda)  was  rather  abundant  in 
August  on  late  planted  corn,  including  corn  for  ensilage. 

Corn  earworm  (Heliothis  armigera)  which  was  so  abundant  in  1954, 
was  of  minor  importance  this  year. 

One  of  the  larger  leaf  hoppers  (Draeculacephala  mollipes)  was  very 
abundant  on  corn  in  August  with  reasonable  belief  they  were  responsible 
for  damage  to  foliage. 

Clover  leaf  weevil  {Hyper a  punctata)  was  very  abundant  about  the 
middle  of  April,  but  soon  became  heavily  diseased  and  chemical  control 
measures  were  unnecessary. 

Clover  root  curculio  (Sitona  hispidula)  caused  serious  losses  to 
second  year  alfalfa  in  areas  in  central  Indiana. 

Aphids  (Macrosiphum  pisi)  were  more  abundant  than  usual  in 
southwestern  Indiana  on  alfalfa. 

The  green  clover  worm  (Plathypena  scabra)  has  been  abundant  in 
a  number  of  locations  in  Indiana,  all  reports  on  soybeans. 

The  potato  leaf  hopper  {Empoasca  fabae)  was  responsible  for  con- 
siderable damage  to  alfalfa  in  most  parts  of  the  State. 

Vegetable  Garden  Insects 

Red  spider  (Tetranychus  telerius)  was  general  and  abundant  during 
late  June  and  July,  damaging  melons  in  southwestern  Indiana. 

The  cucumber  beetle  (Diabrotica  vittata)  was  a  serious  pest  of 
melons  and  cucumbers  in  many  parts  of  the  State. 

Tomato  hornworms  {Protoparce  spp.)  was  a  major  pest  in  tomato 
fields;  also  in  tobacco  fields  in  southern  Indiana. 

The  squash  bug  (Anasa  tristis)  was  again  a  serious  pest  of  canning 
pumpkins  in  southern  Indiana. 

Tomato  aphids  (Myzus  persicae)  were  abundant  in  a  number  of 
areas  in  northern  Indiana  during  June  and  early  July. 

Flea  beetles  (Epitrix  cucumeris)  were  unusually  abundant  on  po- 
tatoes and  egg  plant. 

Bean  leaf  beetle  (Ceroto-ma  trifurcata)  was  rather  general  and  com- 
mon on  garden  beans  and  soybeans. 

Cabbage  worms  (Pieris  rapae)  were  generally  abundant  in  August. 
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The  Colorado  potato  beetle  (Leptinotarsa  decimlineata)  was  reported 
by  commercial  growers  as  more  abundant  and  destructive  than  for  many 
years,  especially  on  potatoes  and  tomatoes  in  the  northern  half  of  the 
State. 

Tree  Insects 

The  cherry  slug  (Eriocampoides  limacina)  were  reported  many  times 
as  a  pest  of  cherry  and  pear.  It  has  been  many  years  since  we  have 
received  so  many  reports. 

The  green  June  beetle  (Allorhina  nitida)  was  reported  the  last  of 
August  damaging  peaches  at  New  Castle  in  central  Indiana,  farther 
north  than  usual. 

Bagworms  (Thyridopteryx  ephemeraeformis)  was  more  abundant 
throughout  the  State  than  for  a  number  of  years. 

Elm  leaf  beetle  (Galerucella  xanthomelaena)  continues  as  an  abun- 
dant and  destructive  pest,  especially  to  Chinese  elm. 

Bronze  birch  borer  (Agrilus  anxius)  has  been  responsible  for  the 
death  of  many  specimen  birches  throughout  the  State. 

Walnut  caterpillars  (Datona  integerrima)  defoliated  walnuts 
throughout  Indiana. 

Household  and  Miscellaneous  Pests 

Box-elder  bug  (Leptocoris  trivittatus)  continues  as  the  number  one 
annoying  household  pest. 

The  cicada  killer  (Sphecius  speciosus)  was  abundant  throughout  the 
State.  It  was  reported  as  disfiguring  lawns,  and  was  feared  by  many  as 
a  menace  to  children. 

The  housebock  (Hylotrupes  bajulus)  heavily  infested  a  home  in 
Kokomo  during  August. 

Subterranean  termites  (Reticulitermes  fiavipes)  continue  as  a  major 
pest  of  homes  throughout  Indiana. 

The  American  dog  tick  (Dermacentor  variabilis)  was  reported  fre- 
quently; however,  its  seemingly  unusual  abundance  is  not  reflected  in  an 
unusual  occurrence  of  spotted  fever.  The  State  Board  of  Health  report 
only  four  known  cases  (one  death)  for  1955,  in  comparison  to  five  in 
1953  and  five  in  1954  (one  death). 

Damp  wood  or  rotten  wood  termites  (Zootermopsis  angusticollis) 
were  again  found  in  consignments  of  fir  lumber  shipped  to  South  Bend 
from  Oregon. 

Mosquitoes  (Culicidae).  A  telephone  call  from  A.  L.  Klatte  of  the 
State  Board  of  Health  September  19,  advised  us  of  a  serious  epidemic 
of  viral  encephalitis,  commonly  known  as  human  or  St.  Louis  encephalitis, 
in  Gibson  County.  Later  Dr.  A.  L.  Marshall,  Director  of  the  Division  of 
Communicable  Disease  Control  of  the  State  Board  of  Health,  advised  us 
that  at  that  time  there  were  11  cases  with  three  deaths,  all,  without 
exception,  being  in  individuals  past  the  age  of  60  years.  Later  three 
more  deaths  occurred,  making  a  total  of  six  deaths  out  of  11  cases  in 
this  one  region.  Quoting  Doctor  Marshall's  letter  of  October  26,  "As  the 
investigation    proceeded,    additional    cases    were    added    from    adjoining 
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counties  in  Indiana,  cases  were  reported  from  Evansville  hospitals,  and 
patients  whose  residents  were  Illinois  and  Kentucky.  At  the  present  time, 
we  are  completing  the  study  on  some  60  cases  referred  to  us  as  possible 
cases  of  encephalitis".  Doctor  Marshall  further  advises  of  15  or  20  cases 
of  viral  encephalitis  reported  October  28  from  Greene  County. 

Previous  studies  indicate  Culex  tarsalis  is  the  principal  carrier  of 
this  disease,  although  perhaps  other  species  may  be  responsible,  and  it 
is  reported  that  no  water  is  too  foul  as  a  source  for  this  species. 

Mr.  Klatte  who  conducted  the  mosquito  survey  in  Gibson  County, 
reports  a  heavy  infestation  of  mosquitoes  which  were  predominately 
Culex  pipiens  according  to  determinations  by  J.  A.  Clark.  A  drainage 
ditch  and  a  waste  lagoon  near  Fort  Branch,  where  many  cases  originated, 
was  heavily  infested  with  mosquito  larvae. 

Doctor  Marshall  has  indicated  that  a  complete  report  would  be 
prepared  and  published  as  soon  as  the  investigations  are  completed. 


Orthoptera  of  Relict  Prairie  Fragments 
in  Greene  County,  Indiana1 

Frank  N.  Young  and  Irving  J.  Cantrall 

The  occurrence  of  areas  of  edaphic  prairie  in  the  vicinity  of  Worth- 
ington, Switz  City,  and  Lyons  in  Greene  County,  Indiana,  has  been 
recognized  by  botanists  for  many  years,  but  no  detailed  studies  of  the 
flora  of  the  remaining  fragments  have  yet  been  published.  The  area  has 
been  so  greatly  modified  by  agriculture,  road  building,  and  other  human 
activities  in  recent  years  that  little  can  now  be  done.  The  relict  fragments 
with  which  the  present  study  is  concerned  lie  along  the  right-of-way 
of  the  old  Vincennes  and  Indianapolis  Railroad,  a  branch  of  the  Pennsyl- 
vania system,  between  Worthington  and  Switz  City.  They  have  been 
partly  preserved  through  the  coincidence  of  the  right-of-ways  of  the 
railroad  and  Indiana  Highway  67.  The  strips  of  prairie  thus  remaining 
have  been  repeatedly  cleared,  burned,  and  otherwise  mistreated,  but 
apparently  never  broken  by  plow. 

Dr.  Paul  Weatherwax  of  Indiana  University,  who  resided  in  the  area 
during  his  boyhood,  tells  us  that  the  early  residents  recognized  the 
distinction  of  the  prairie  areas  along  Lattas  Creek  and  around  Worthing- 
ton, and  referred  to  them  as  "the  prairies."  Buffalo  formerly  ranged 
into  the  region,  probably  feeding  in  the  rich  pastures  along  the  streams, 
and  were  hunted  west  of  Worthington  in  historic  times.  The  agricul- 
tural use  of  the  marshes  and  related  grasslands  was  largely  confined  to 
grazing  until  about  the  middle  of  the  last  century,  when  like  the  rest 
of  the  world's  native  grasslands,  they  began  to  give  way  to  the  mold- 
board  plow. 

Ecologically,  the  prairie  fragments  in  Greene  County  can  be  con- 
sidered part  of  the  Eastern  Post-Climax  Faciation  of  the  Tall-Grass 
Prairie  (2).  They  are  similar  to  the  Andropogon  furcatus-Silphium  tere- 
binthinaceum  Prairie  of  Braun  (1)  in  part,  but  some  areas  on  more 
sloping  ground  include  grasses  and  herbs  characteristic  of  drier  regions. 
The  climate  of  the  region  is  definitely  not  a  grassland  climate,  and  the 
original  development  of  prairie  areas  and  their  persistence  must  be 
considered  due  to  edaphic  conditions.  In  this  regard,  Tharp  and  Mann 
(6)  say  of  the  Clyde  clay  and  the  Clyde  sandy  loam  which  were  never 
forested:  "Before  artificial  drainage  was  introduced  the  surface  of  these 
areas  was  more  or  less  flooded  during  the  spring  months,  but  usually 
dry  during  the  summer  and  fall.  Bluestem  and  other  varieties  of  prairie 
grass,  as  well  as  those  peculiar  to  wet  locations,  grew  luxuriantly  and  for 
many  years  furnished  excellent  grazing." 

The  fragments  selected  for  a  study  of  the  Orthoptera  lie  along 
Indiana  Highway  67  northeast  of  Switz  City  in  T-7-N,  R-6-W,  Sec.  12, 


1.  Contribution  No.  601  from  the  Zoological  Laboratories  of  Indiana  Univer- 
sity and  contribution  from  the  E.  S.  George  Reserve  of  the  University  of 
Michigan. 

Ill 
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and  T-7-N,  R-5-W,  Sec.  6.  They  represent  several  distinct  facies  of 
"associations"  dominated  by  Andropogon  furcatus,  the  big  bluestem. 
The  largest  area  in  T-7-N,  R-6-W,  Sec.  12,  lies  entirely  on  the  Clyde 
clay  and  supports  a  luxuriant  growth  of  Silphium  terebinthinaceum  and 
some  S.  laciniatum.  The  smaller  fragments  are  on  mixtures  of  Miami 
silt  loam,  Waverly  silt  loam,  Bloomfield  sandy  loam,  and  the  Clyde  silt 
loam.  On  all  of  these  Silphium  is  lacking  and  in  places  Andropogon 
furcatus  and  Panicum  virgatum  are  essentially  the  only  grasses. 

Plants  found  in  all  four  of  the  stands  studied  are:  Andropogon 
furcatus,  Panicum  virgatum,  Sorghastrum  nutans,  Helianthus  gross- 
eserratus,  Aster  spp.,  and  Solidago  spp. 

Other  plants  identified  from  one  or  more  of  the  stands  include : 

GRASSES:  Andropogon  scoparius,  Bromus  sp.,  Eragrostis  pecti- 
nacea,  E.  spectabilis,  Muhlenbergia  sp.,  Panicum  spp.,  Paspalum  stra7ni- 
neum,  Poa  pratensis,  Sjmrtina  pectinata,  Triodia  flava.  LEGUMES: 
Baptsia  leucantha,  Cassia  fasciculata,  Desmodium  sp.,  Lespedeza  sp.,  Me- 
lilotus  alba.  COMPOSITES:  Achillea  millefolium,  Ambrosia  elatior,  A. 
trifida,  Aster  novae-angliae,  Brauneria  sp.,  Cirsium  discolor,  Helianthus 
mollis,  H.  strumosus,  Lactuca  scariola,  Rudbeckia  hirta,  Solidago  cana- 
densis, Vernonia  altissima.  OTHERS:  Acahjpha  rhomboidea,  Apocynum 
sp.,  Carex  spp.,  Convolvus  sp.,  Daucus  carota,  Euphorbia  corollata 
Fragaria  sp.,  Hypericum  sp.,  Oxalis  sp.,  Potentilla  simplex,  Potentilla 
sp.,  Pycnanthemum  sp.  SMALL  TREE  OR  SHRUBS  IN  OR  NEAR 
EDGES  OP  STANDS:  Ceanthous  amtricanus,  Cornus  stolonifera,  Quer- 
cus  imbricaria,  Q.  palustris,  Q.  velutina,  Rhus  glabra,  Rubus  sp.,  Sassa- 
fras albidum. 

A  comparison  of  two  of  the  fragments  on  the  basis  of  20  count 
quadrats  (meter  squares)  gives  a  frequency  index  community  coefficient 
or  FICC  (5)  of  0.44  between  a  stand  on  Clyde  clay  and  another  on  mixed 
Miami  silt  loam,  Waverly  silt  loam,  and  Bloomfield  sandy  loam.  This  is 
roughly  in  agreement  with  the  fact  that  the  Clyde  clay  was  not  originally 
forested  while  the  other  soils  supported  forest  which  has  been  cleared 
and  subsequently  invaded  by  grassland.  A  similar  comparison  of  stands 
in  the  old  field  and  forest  ecotone  near  Scott's  Pond  at  Bloomington  (3) 
gives  an  FICC  of  0.61.  Pooling  of  all  quadrats  from  Greene  County  and 
comparison  with  those  from  the  Scott's  Pond  area  in  Monroe  County 
gives  an  FICC  of  only  0.20.  These  comparisons,  although  only  rough 
approximations  made  on  far  too  few  quadrats,  suggest  that  the  plant 
associations  of  the  original  prairie  relicts  were  quite  distinct  from  those 
of  old  fields  in  southern  Indiana.  Most  of  the  overlap  seems  to  be  due  to 
the  introduction  of  weeds  and  similar  ubiquitous  plants.  A  more  detailed 
study  of  the  prairie  fragments,  together  with  an  attempt  at  historical 
reconstruction  of  their  former  extent,  would  be  of  considerable  interest. 

Orthoptera  were  collected  from  four  patches  of  prairie  and  modified 
grasslands  along  the  railroad  right-of-way  in  October  of  1953,  1954,  and 
1955.  A  visit  to  the  area  in  June  of  1955  did  not  reveal  any  additions 
to  the  list  of  species.  An  attempt  was  made  to  confine  the  collections  to 
the  center  of  patches  where  Andropogon  furcatus  was  abundant.    Wet 
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areas  and  shrubby  zones  were  avoided  as  was  the  berm  of  the  highway 
and  the  railroad  embankment.  The  species  taken  are  listed  in  the 
accompanying  table  together  with  the  actual  numbers  taken  in  each 
of  the  three  years. 

Orthoptera  Taken  in  Prairie  Fragments  in  Greene  County,  Indiana 


ACRIDIDAE: 

Oct  3,  1953 

Oct.  2,  1954 

Oct.  1, 1955 

Syrbula  admirabilis 

4 

— 

— 

Arphia  sulphurea 

l(Juv.) 

— 

— 

Arphia  xanthoptera 

2 

— 

1 

Chortophaga 

viridifasciata 

— 

2(Juv.) 

l(Juv.) 

Encoptolophus  sordidus 

sordidus 

4 

6 

11 

Hippiscus  rugosus 

— 

— 

1 

Dissosteira  Carolina 

2 

1 

2 

Schistocerca  americana 

americana 

1 

— 

— 

Schistocerca  alutacea 

7 

7 

26 

Melanoplus  differentialis 

differentialis 

4 

5 

24(Uuv.) 

Melanoplus  femur-rubrum 

femur-rubrum 

40 

14 

15 

Melanoplus  mexicanus 

mexicanus 

2 

9 

2 

TETTIGONIIDAE: 

Scudderia  texensis 

1 

— 

— 

Scudderia  furcata  furcata 

2 

2 

— 

Orchelimum  vulgare 

2 

— 

— 

Conocephalus  f  asciatus 

fasciatus 

2 

4(Uuv.) 

2 

Conocephalus  brevipennis 

1 

— 

— 

Conocephalus  strictus 

1 

5 

— 

GRYLLIDAE: 

Acheta  assimilis 

— 

2 

1 

Oecanthus  nigricornis 

quadripunctatus 

2 

— 

2 

Oecanthus  nigricornis 

nigricornis 

1 

3 

6 

Hapithus  agitator 

agitator 

1 

— 

— 

All  of  the  Orthoptera  taken  in  the  prairie  fragments  in  Greene 
County,  with  the  exception  of  Hapithus  a.  agitator,  are  commonly  found 
in  grassland.  The  frequency  of  occurrence  and  abundance  of  any  one 
form  depends  upon  community  conditions.    Thus  Melanoplus  d.  differ- 
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entialis  is  partial  to  the  more  moist  area  where  Ambrosia  trifida 
grows  (4).  Scudderia  f.  f areata,  Orchelimum  vulgare,  Conocephalus  f. 
fasciatus  and  C.  brevipennis  are  found  in  greatest  abundance  in  low, 
marshy  areas,  but  can  and  do  occur  in  less  moist  environments.  Dis- 
sosteira  Carolina  prefers  grassland  with  open,  bare  areas  and  was  noted 
to  be  most  abundant  in  such  areas  along  the  railroad  and  the  mowed 
highway  berm.  Oecanthus  nigricornis  quadripunctatus  requires  herba- 
ceous annuals  within  which  the  females  oviposit  and  females  of 
Oecayithus  n.  nigricornis  select  shrubby  plants  with  woody  outer  layers 
surrounding  the  central  pith.  Hapithus  a.  agitator  is  partial  to  shrubby, 
weedy  thickets. 

As  presently  known,  the  Orthoptera  taken  by  us  are  wide  ranging 
in  distribution.  In  all  cases,  the  known  range  of  each  form  extends  far 
beyond  the  limits  of  the  Grassland  Biome  as  outlined  by  Carpenter  (2). 
None  of  these  species  can  be  considered  as  an  indicator  of  prairie 
conditions. 

Carpenter  (2)  lists,  as  either  Influents  of  his  Eastern  Faciation  of 
the  Tall-Grass  Prairie  Association  or  as  Binding  Influents  of  the  Tall- 
Grass  Prairie  Association,  all  of  the  forms  collected  in  the  Switz  City 
prarie  fragments  with  the  exception  of  Arphia  xanthoptera,  Schistocerca 
americana,  S.  alutacea,  Scudde?'ia  f.  furcata,  Orchelimum  vulgare,  Cono- 
cephalus f.  fasciatus,  C.  brevipennis  and  Hapithus  a.  agitator.  Influents 
and  Binding  Influents  were  considered  by  Carpenter  to  be  the  more 
influential  animals  in  the  biotic  make-up  of  prairie  communities.  Failure 
to  list  a  given  species  did  not  imply  that  it  was  not  a  member  of  a 
community.  Carpenter's  lists  contain  species  which  we  did  not  collect 
on  the  Green  County  Prairie  strips.  These  are  Opeia  obscura,  Orphulella 
speciosa,  Ageneotettix  deorum,  Melanoplus  bivittatus,  M.  packardi,  M. 
confusus,  and  N  eoconocephalus  ensiger.  Opeia  obscura  and  Melanoplus 
packardi  are  inhabitants  of  the  Great  Plains,  and  do  not  occur,  even  as 
relicts,  east  of  Iowa.  Ageneotettix  deorum  is  found  on  sandy  soils  and 
hence  does  not  occur  on  the  Switz  City  prairie  strips  owing  to  the 
heavier  soils  found  there.  The  remaining  four  species  may  well  occur 
in  small  numbers.  The  time  of  collecting  and  duration  of  sampling 
probably  account  for  their  not  being  taken. 

We  acknowledge  with  sincere  thanks  the  assistance  of  Miss  Rose 
Overstreet  and  Dr.  C.  B.  Heiser  of  the  Department  of  Botany  of  Indiana 
University  for  their  assistance  with  plant  determinations.  Dr.  T.  H. 
Hubbell  of  the  University  of  Michigan  also  assisted  with  the  determina- 
tion of  the  Orthoptera  and  offered  valuable  suggestions. 

Summary 

A  preliminary  study  of  plants  associated  with  relict  prairie  frag- 
ments in  Greene  County,  Indiana,  shows  that  these  areas  have  associa- 
tions of  species  distinct  from  those  of  old  fields  in  southern  Indiana.  A 
high  proportion  of  the  Orthoptera  found  also  occur  in  similar  prairies 
to  the  west.  Mowing,  burning,  drainage,  and  deforestation  of  the  sur- 
rounding area  do  not  seem  to  have  modified  the  communities  more  than 
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possibly  to  have  changed  the  size  of  populations.  No  species  of  Orthop- 
tera  were  taken  which  might  not  have  been  present  before  the  advent 
of  agriculture. 
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Parallel  Color  Variation  in  Bombus  impatiens  Cr.  and 
Bombus  bimaculatus  Cr.    (Hymenoptera,  Apidae) 

Leland  Chandler,  Purdue  University 

Recently,  this  author  (3)  published  on  some  bumble  bee  species 
which  exhibited  atypical  coloration.  However,  the  coloration  exhibited 
by  those  specimens  was  not  consistent  for  color  or  for  the  position  of  the 
color  patches.  Such  "freak"  or  "sport"  specimens  seem  to  be  of  im- 
portance in  that  such  aberrations  sometimes  make  identification  difficult 
in  instances  where  differentiating  morphological  characters  are  slight. 
Perhaps  equally  important  is  the  recognition  of  the  tendency  of  certain 
species  or  groups  of  species  to  develop  these  atypical  color  patterns. 

Among  the  species  previously  reported  upon  were  Bombus  im- 
patiens Cr.  and  B.  bimaculatus  Cr.,  closely  related  species  (4)  of  the 
subgenus  Pratobombus.  Of  these  two,  B.  bimaculatus  exhibits  the  greater 
tendency  to  vary  in  coloration  as  three  color  variants  have  been  described 
and  recognized  as  valid  by  Burks  (2).  There  are  no  described  color 
variants  of  B.  impatiens. 

Examinations  of  two  collections  of  bumble  bees  which  the  University 
of  Missouri  Collection  loaned  to  this  writer  through  the  courtesy  of  Dr. 
W.  R.  Enns,  and  the  Indiana  University  Collection  loaned  through  the 
courtesy  of  Dr.  Frank  N.  Young,  have  revealed  a  distinct  color  variant 
of  B.  impatiens  which  seems  worthy  of  recognition. 

Bo?nbus  (Pratobombus)  impatiens  var.  deayi  is  the  new  variety. 
The  female  is  morphologically  identical  with  the  typical  Bombus  im- 
patiens queen.  The  coloration  of  the  pile  on  the  head,  thorax  and  first 
abdominal  tergite  is  the  same  as  in  the  typical  species.  It  differs  in 
coloration  from  that  in  typical  species  as  follows:  second  and  third 
abdominal  tergites  covered  with  bright  ferruginous  pile;  fourth  tergite 
mostly  covered  with  black  pile  but  with  traces  of  ferruginous  pile 
scattered  throughout,  especially  on  the  sides  of  the  segment;  fifth  and 
sixth  tergites  with  black  pile  only.   Corbicular  fringes  bright  ferruginous. 

Holotype  labeled,  "Bloomington,  Ind.,  5-3-38;  B.  Kinsey,  collector." 
The  specimen  is  from  the  Indiana  University  Collection. 

Paratype  labeled,  "Columbia,  Missouri";  without  further  data.  The 
specimen  is  from  the  University  of  Missouri  Collection. 

The  holotype  is  to  be  deposited  in  the  collection  of  the  Illinois 
Natural  History  Survey,  Urbana,  Illinois.  The  paratype  is  in  the  col- 
lection of  the  author. 

This  color  variety  is  known  only  from  the  queen.  I  take  great 
pleasure  in  naming  this  variety  for  Dr.  H.  0.  Deay,  Professor  of  Ento- 
mology, Purdue  University. 

The  coloration  of  this  variety  parallels  the  coloration  of  B.  bi- 
maculatus var.  ahenus  (Bequaert  and  Plath)  (1).  It  may  be  distinguished 
from  that  form  by  the  distinctly  shorter  malar  space,  the  absence  of 
the  basal  median  patch  of  yellow  pile  on  the  second  abdominal  tergite  and 
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the  bright  ferruginous   pile,   instead  of  rufous   pile,  of  the  second  and 
third  tergites. 

The  holotype  was  found  in  a  series  of  43  B.  impatiens  queens  col- 
lected near  Bloomington,  Indiana,  April  23,  28  and  May  3,  1938  by  B. 
Kinsey.  In  addition  to  the  new  variety,  three  of  the  remaining  specimens 
have  the  following  aberrant  color  patterns: 

a)  One  with  an  apical  fringe  of  light  pile  on  each  the  second  and 
third  abdominal  tergites. 

b)  One  with  the  second  tergite  with  a  basal  and  an  apical  band  of 
light  pile;  third  tergite  with  an  apical  fringe  of  light  pile. 

c)  One  with  an  apical,  median,  triangular  patch  of  ferruginous  pile 
on  each  the  second  and  third  tergites. 

Through  the  courtesy  of  Dr.  H.  H.  Ross  of  the  Illinois  Natural 
History  Survey  the  writer  was  able  to  examine  the  collection  of  bumble 
bees  maintained  there  under  the  direction  of  Dr.  Ross.  No  specimens  of 
B.  impatiens  were  found  which  were  of  atypical  coloration.  Specimens 
of  B.  bimaculatus  were  present  which  had  considerable  amounts  of 
ferruginous  or  rufous  pile  on  certain  of  the  abdominal  tergites  but  none 
which  approached  the  variety  B.  bimaculatus  var.  ahenus  in  the  extent 
of  this  coloring.  The  corbicular  fringes  on  all  of  the  specimens  studied 
were  black.  Dr.  H.  J.  Franklin  has  informed  the  writer  (in  litt.)  that  he 
believes  that  he  has  seen  specimens  colored  in  the  manner  of  the  new 
variety  but  that  none  were  at  hand.  Dr.  Karl  V.  Krombein  checked  the 
specimens  of  B.  impatiens  in  the  collection  of  the  United  States  National 
Museum  and  reported  {in  litt.)  that  there  were  no  individuals  with  this 
color  pattern. 

Despite  the  fact  that  a  small  number  of  individuals  of  both  B. 
impatiens  and  B.  bimaculatus  have  been  observed  to  bear  ferruginous  or 
rufous  pile  on  certain  of  the  abdominal  tergites  it  is  the  intent  of  the 
writer  to  restrict  the  varietal  names  to  those  specimens  which  bear 
ferruginous  or  rufous  pile  on  the  abdomen  and  also  have  the  corbicular 
fringes  reddish.  The  individuals  bearing  some  reddish  pile  do  not  seem 
to  be  intergrades  from  the  typical  color  to  the  varietal  pattern  since 
the  color  patterns  of  these  are  most  often  asymmetrical  and  there  is 
never  any  tendency  for  the  corbicular  fringes  to  become  lighter  even 
when  large  areas  of  the  abdomen  are  covered  with  rufous  or  ferruginous 
pile. 
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Highlights  in  the  History  of  Insect  Control 

J.  J.  Davis,  Purdue  University 

Earliest  records  in  fossil  remains  show  that  insects  existed  on  this 
earth  several  hundred  millions  of  years  ago,  certainly  many  millions  of 
years  before  man.  Many  of  these  early  insects  were  of  enormous  size, 
and  like  the  huge  mammals,  the  larger  insects  have  disappeared  and  our 
more  important  pests  of  the  present  day  are  of  comparatively  small 
size.  At  the  same  time,  the  structure  of  insects  has  persisted  very  much 
the  same  through  these  millions  of  years  of  evolution. 

Earliest  written  records  of  insects  are  found  in  the  Old  Testament 
of  the  Bible.  There  we  find  records  of  pestilence  of  mice  in  granaries, 
plagues  of  locusts,  lice,  flies,  canker  worms  and  others.  During  the 
middle  ages  we  find  records  of  25  million  deaths  from  bubonic  plague 
or  black  death.  During  all  this  time,  little  was  known  of  the  life  histories 
of  insects,  nor  was  anything  known  of  the  role  played  by  insects  in  the 
transmission  of  diseases.  Knowing  nothing  about  the  biology  of  insects, 
little  could  be  done  regarding  controls.  There  does  seem  to  be  some 
evidence  that  incense,  used  hundreds  or  thousands  of  years  ago  in 
religious  rituals,  may  have  first  been  suggested  as  a  repellant  for 
annoying  insects. 

More  recently,  perhaps  three  hundred  years  ago,  insect  control 
became  a  church  problem.  Perhaps  religious  superstitions  prevailed.  At 
any  rate  I  recall  an  account  in  a  Danish  publication  reporting  a  serious 
white  grub  problem.  The  Church  reported  a  trial  against  the  white  grubs 
which  had  been  destroying  the  crops.  The  Church  appointed  an  at- 
torney for  the  grubs.  He  made  an  eloquent  plea,  saying  that  God  had 
established  the  grubs  on  this  earth  and  they  had  a  right  to  feed  and  live. 
The  appointed  attorney  made  such  an  eloquent  plea  that  the  Church 
decided  to  be  lenient  and  set  aside  a  field  where  the  grubs  were  supposed 
to  come  and  feed.  A  field  was  assigned  with  a  sign  indicating  that  this 
was  where  the  grubs  were  to  feed  and  those  which  refused  and  con- 
tinued to  devastate  crops  would  be  excommunicated  from  the  Church. 
The  recorder  reported  "it  did  no  good". 
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There  came  a  period  when  all  kinds  of  concoctions  were  recom- 
mended. These  so-called  remedies  usually  included  a  variety  of  materials, 
usually  materials  obnoxious  to  humans,  not  realizing  that  what  might  be 
objectionable  to  a  human  might  be  attractive  to  an  insect.  In  this 
connection  I  would  like  to  give  tribute  to  E.  G.  Lodeman,  who  wrote  a 
thesis  for  his  Master's  Degree  at  Cornell  University.  It  was  published 
by  the  Macmillan  Company  in  1906,  in  book  form  under  the  title  "The 
Spraying  of  Plants".  It  is  a  fine  history  of  the  use  of  insecticides  on 
plants.  Just  as  an  example  I'd  like  to  quote  one  formula  suggested  by 
a  Mr.  Hamilton.  It  reads: 

Sulphur    8  ounces 

Scotch  snuff    8  ounces 

Hellebore  powder    6  ounces 

Nux  vomica    6  ounces 

Soft  soap 6  ounces 

Cayenne  powder    1  ounce 

Tobacco  liquor    1  quart 

Water    (boiling)     1  gallon 

Apparently  Hamilton  did  not  appear  to  be  confident  of  the  action 
of  even  this  array  of  death-dealing  materials,  so  he  advised  in  addition, 
that  the  plants  be  washed  with  it  and  the  insects  removed  while 
washing. 

Such  was  chemical  control  85  years  ago. 

It  was  late  in  the  sixties  that  the  Colorado  potato  beetle,  a  native 
<of  the  foothills  of  Colorado,  became  a  pest  of  cultivated  potatoes.  There 
seems  to  be  little  authentic  information  regarding  the  original  use  of 
paris  green,  a  paint  pigment,  except  that  in  the  late  sixties  it  became  a 
standard  control  for  the  Colorado  potato  beetle.  Although  several  chemi- 
cals were  used  effectively  before  this  time,  the  use  of  paris  green  may  be 
considered  as  the  beginning  of  scientific  control  of  insects  with  chemicals. 
Thus  we  see  that  scientific  control  dates  back  perhaps  only  85  years  ago. 
Then  followed  the  development  of  other  materials,  each  because  of  a 
special  need.  Thus  in  the  nineties,  arsenate  of  lead  was  developed  because 
of  a  need  for  a  stomach  poison  for  the  control  of  the  gypsy  moth,  which 
attacked  a  great  variety  of  plants,  many  of  which  were  damaged  by 
paris  green  because  the  latter  contained  a  relatively  large  percentage 
of  soluble  arsenic.  Oil  sprays  were  developed  for  scale  control  because 
insects  were  becoming  resistant  to  lime-sulphur  and  furthermore  lime- 
sulphur  destroyed  parasitic  fungi  of  scales  in  Florida.  And  so  we  could 
continue  our  history  of  the  development  of  stomach  and  contact  insecti- 
cides, each  development  brought  about  because  of  a  specific  need. 

In  the  early  4Q's  with  the  beginning  of  World  War  II,  it  became 
evident  we  would  be  fighting  in  the  southwest  Pacific,  where  a  major 
problem  was  the  several  major  diseases  caused  or  carried  by  insects. 
The  need  for  means  of  preventing  and  controlling  such  insects,  resulted 
in  further  insecticide  developments,  first  with  DDT  and  followed  by 
many  other  chlorinated  hydrocarbons,  along  with  aerosols,  which  were 
undoubtedly  responsible  for  control  of  insect  borne  diseases,  the  saving' 
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of  many  lives,  and  ending  the  war  with  Japan,  perhaps  years  before  it 
would  have  otherwise  ended,  regardless  of  the  atomic  bomb. 

The  several  chlorinated  hydrocarbons  have  many  things  in  common. 
All  are  more  or  less  compatable  with  each  other  and  most  other  insecti- 
cide and  fungicide  chemicals;  all  may  be  formulated  the  same,  as  solutions 
in  oil,  emulsions,  wettable  powder,  granular,  and  as  dusts;  and  all  are  oil 
soluble  and  water  insoluble;  all  have  more  or  less  residual  properties. 
On  the  other  hand,  many  insects  have  developed  a  resistance  to  these 
chlorinated  hydrocarbons. 

Because  of  the  ineffectiveness  of  the  chlorinated  hydrocarbons 
against  such  pests  as  mites,  the  organic  phosphates  were  developed. 
Then  came  the  development  of  systemic  insecticides,  which  show  great 
promise.  These  include  materials  which  are  translocated  in  the  sap  of 
plants  and  blood  of  animals,  and  destroy  pests  which  feed  thereon.  To 
dates  these  have  proven  effective  only  for  arthropods  with  sucking 
mouthparts. 

Another  development,  which  I  consider  highly  significant,  is  the 
discovery  of  synergists,  that  is,  those  chemicals  which,  when  added  to 
another  insecticidal  chemical,  increases  its  effectiveness  and  residual 
properties.  This  includes  also  synergists  which  make  insects  more  sus- 
ceptible to  the  material.  It  seems  to  me  one  of  the  major  developments 
of  the  future  will  be  the  development  of  synergists  which  will  increase 
the  value  of  an  insecticide  and  increase  the  susceptibility  of  an  insect 
to  the  insecticide. 

My  assignment  was  to  discuss  insecticide  control  but  I  would  fail  if 
I  did  not  comment  on  other  controls  and  their  relation  to  insecticide 
control.  With  the  development  of  the  so-called  miracle  insecticides,  ento- 
mologists have  apparently  forgotten,  or  at  least  have  neglected,  the  old 
reliable  inorganic  insecticides,  most  of  which  are  still  valuable  and 
dependable  insecticides.  Similarly,  entomologists  have  neglected  to 
emphasize  the  importance  of  good  practices,  which  have,  in  the  past, 
played  such  an  important  part  in  insect  control  and  especially  insect 
prevention.  They  have  depended  entirely  too  much  on  the  new  in- 
secticides and  forgotten  that  good  practices,  which  prevent  insect  out- 
breaks, are  still  the  cheapest  and  most  dependable  methods  of  avoiding- 
insect  losses.  To  be  sure,  chemicals  are  essential,  but  how  much  more 
valuable  could  they  be  if  we  followed  good  practices,  whether  they  be 
plowing  procedures,  time  of  planting,  time  of  harvesting,  rotation  of 
crops,  sanitation,  etc. 

Furthermore,  we  should  not  discount  the  value  of  biological  control 
and  the  use  of  mechanical  devices. 

The  future  of  insect  prevention  and  control  depends  not  on  chemicals 
alone  but  on  an  understanding  of  the  biology  and  physiology  of  insects 
and  the  use  of  good  practices,  mechanical  devices  and  biological  control 
procedures. 


Development  of  Insecticidal  Chemicals 

Jack  E.  Fahey,  Entomology  Research  Branch, 
Agr.  Res.  Serv.,  U.  S.  D.  A. 

Chemicals  employed  for  insect  control  have  been  obtained  from  three 
sources — inorganic  materials,  botanicals,  and  organic  synthesis.  There 
is  no  proof  of  what  material  was  first  used  to  kill  insects.  The  Chinese 
are  said  to  have  discovered  the  insecticidal  property  of  rotenone.  The 
Romans  divided  poisons  into  three  groups — animal,  plant,  and  mineral — 
and  it  can  be  assumed  that  some  of  them  were  used  to  poison  insects. 
Recommendations  for  the  use  of  arsenicals  as  insecticides  date  from 
1681,  and  tobacco  and  its  chief  alkaloid,  nicotine,  have  been  used  as 
insecticides  since  1690. 

Of  the  synthetic  organic  insecticides,  it  is  probable  that  carbon 
disulfide,  made  by  the  direct  combination  of  carbon  and  sulfur,  was  the 
first  such  product.  It  is  one  of  the  simplest  organic  compounds  and  has 
been  used  as  a  fumigant  for  more  than  100  years.  Other  early  synthetic 
organic  insecticides  include  paradichlorobenzene  and  chloropicrin. 

The  discovery  of  the  insecticidal  value  of  these  early  materials 
probably  resulted  from  knowledge  of  their  poisonous  effect  on  higher 
animals  or  observation  that  insects  were  repelled  by  them.  The  informa- 
tion thus  obtained  was  handed  down  from  generation  to  generation,  each 
adding  knowledge  gathered  during  its  life.  Thus,  at  the  beginning  of  the 
20th  century  we  had  a  number  of  inorganic  insecticides,  including  arsenic, 
antimony,  selenium,  boron,  fluorine,  sulfur,  and  mercury  compounds;  a 
few  botanical  insecticides,  of  which  nicotine  and  pyrethrum  were  the  best 
known;  and  a  still  more  limited  number  of  synthetic  organic  insecticides. 

Roark  (1)  tells  us  that  new  insecticides  are  developed  in  two  ways. 
"The  first  is  by  determining  the  structure  of  the  active  principles  of 
plants  recognized  as  toxic  to  insects.  Then  the  principles  or  other  com- 
pounds closely  related  to  them  are  synthesized.  The  second  is  by  testing 
compounds  of  known  structure  and  unknown  toxicity  upon  several 
species  of  insects  and  selecting  the  ones  which  are  effective.  The  first 
method  starts  with  a  material  of  known  toxicity  but  unknown  structure. 
The  second  starts  with  a  compound  of  known  structure  but  unknown  toxic 
value." 

An  example  of  the  first  method  is  the  synthesis  of  allethrin.  For 
more  than  30  years  chemists  studied  pyrethrum  flowers,  attempting  to 
isolate  and  identify  the  insecticidally  active  principles.  In  1924  two 
Swiss  chemists,  H.  Staudinger  and  L.  Ruzicka  (2),  announced  that  two 
compounds,  which  they  called  pyrethrin  I  and  pyrethrin  II,  were  re- 
sponsible for  the  insecticidal  activity  of  pyrethrum  flowers.  The  chemical 
structures  of  these  two  compounds  were  described,  as  were  unsuccessful 
attempts  to  synthesize  them.  Between  1934  and  1947,  F.  B.  LaForge 
and  associates  (3)  (4)  (5)  of  the  U.  S.  Department  of  Agriculture  dis- 
covered two  additional  insecticidally  active  esters  in  pyrethrum  flowers, 
which  they  named  cinerin  I  and  cinerin  II.    Cinerin  I,  being  the  simplest 
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of  these  four  compounds,  was  taken  as  a  pattern  for  synthesis  of  the 
related  compounds.  One  of  them,  the  allyl  homolog  of  cinerin  I,  was 
found  to  be  insecticidally  active.  The  name  "allethrin"  was  coined  for 
this  material,  and  it  is  now  being*  manufactured  on  a  large  scale  for  use 
in  aerosol  bombs. 

The  second  method  for  developing  insecticides,  that  of  testing  com- 
pounds of  a  known  structure,  is  more  of  an  empirical  process.  Some 
chemical  manufacturers  submit  samples  of  all  products  made  in  their 
plant  or  chemical  research  laboratories  to  entomological  screening 
laboratories  to  determine  whether  or  not  they  are  insecticidal.  Pheno- 
thiazine  is  one  insecticide  developed  by  this  process.  It  was  first  tested 
against  mosquito  larvae  and  found  toxic.  Subsequent  tests  showed  it  to 
be  highly  toxic  to  a  number  of  agricultural  pests,  including  the  codling- 
moth.  Today  it  is  used  extensively  to  control  intestinal  worms  in  animals. 
The  chlorinated  hydrocarbon  insecticides  DDT  and  BHC  and  the  organic 
phosphorus  insecticides  were  developed  in  the  same  manner. 

The  steps  in  the  development  of  a  new  insecticide  are  well  defined. 
First,  the  chemical  must  be  synthesized  in  the  laboratory.  It  may  be  the 
product  of  the  intense  study  of  a  botanical  with  the  ultimate  synthesis 
of  a  principal  part,  it  may  be  one  of  a  series  of  related  chemicals,  or  it 
may  be  a  byproduct  of  a  chemical  process.  It  is  then  sent  to  the  screening 
laboratory,  where  it  is  tested  against  a  number  of  insects  and  against 
insects  in  several  stages  of  development. 

If  the  chemical  is  found  to  be  insecticidal,  and  about  1  in  30  are, 
it  is  taken  to  the  entomological  laboratory  for  further  tests.  Here  the 
compound  is  compared  as  precisely  as  possible  with  available  standards. 
In  addition,  its  stability  and  compatibility  and  various  formulations  may 
be  investigated.  On  an  average  1  in  10  compounds  taken  to  this  stage 
succeed. 

Following  the  laboratory  tests  chemicals  are  usually  passed  to  a 
toxicologist,  who  gives  them  an  initial  appraisal  for  acute  oral  toxicity, 
irritation,  and  vapor  hazard.  Initial  field  tests  are  also  warranted  at 
this  stage.  They  are  usually  made  on  small  plots  in  which  the  chemical 
in  three  or  more  formulations  and  at  several  concentrations  is  compared 
with  a  standard  insecticide.  Not  more  than  1  of  3  candidate  materials 
is  successful  in  these  tests. 

For  materials  found  effective  in  the  initial  field  tests  patent  appli- 
cations are  usually  made.  The  toxicological  tests  are  extended  to  cover 
the  chronic  hazards  (usually  2-year  feeding  tests.)  Additional  chemical 
work  to  develop  methods  for  assay  of  formulations  and  analysis  of  spray 
residues  is  also  required.  Large-scale  experiments  are  set  up  in  several 
geographical  areas  to  test  the  material  on  all  insects  for  which  it  has 
shown  insecticidal  value.  The  field  experiments  are  usually  continued 
for  at  least  two  years.  Analyses  are  made  of  treated  crops  to  determine 
the  presence  of  the  compound  within  edible  portions.  The  data  on  toxi- 
cology and  residue  analyses  are  used  by  the  Food  and  Drug  Administra- 
tion of  the  U.  S.  Department  of  Health  Education  and  Welfare  to  estab- 
lish tolerances  of  insecticide  residues  which  may  be  permitted  in  food 
products  without  deleterious  effects  upon  the  consumer. 
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During  this  period  of  study  of  the  insecticidal  properties  of  the 
material,  there  is  a  parallel  study  of  manufacturing'  processes.  The 
product  that  was  first  prepared  in  small  laboratory  equipment  is  next 
made  in  larger  batches  in  large  laboratory  equipment.  The  process  is 
next  moved  to  the  pilot-plant  stage,  and  finally,  if  successful,  to  plant 
manufacture  and  processing. 

Wellman  (6)  has  estimated  the  cost  of  marketing  a  new  agri- 
cultural chemical  as  between  1  and  2  million  dollars,  as  shown  below. 

Costs  Chargeable   Against   a  Successful  Agricultural  Chemical 

Synthesis $  150 

Initial  screening    200 

350 
1  in  30  succeed X      30 

10,500 
Further  laboratory  and  greenhouse  work 1,000 

11,500 
1  in  10  succeed X      10 

115,000 
Initial  field  tests 9G0 

115,900 
1  in  3  succeed X        3 

347,700 
Company  development  250,000 

597,700 
1  in  2  succeed   X        2 

1,195,400 
Company  liaison  with  Experiment  Station 37,500 

1,232,900 
Cost  of  State  and  Federal  work 150,000 

Total  research  and  development  cost  of  successful  chemical ....  $1,382,900 
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The  Use  of  Insecticides  and  Their  Toxicity  to  Plants 

George  E.  Gould,  Purdue  University 

The  use  of  insecticides  for  insect  control  is  not  new,  but  goes  back 
some  90  years  to  the  accidental  discovery  of  the  value  of  paris  green 
in  the  control  of  the  Colorado  potato  beetle.  Other  early  materials  in- 
cluded lead  and  calcium  arsenates,  fluorine  compounds  and  the  plant 
products  of  hellebore,  nicotine,  pyrethrum,  rotenone  and  ryania.  For 
many  years  these  materials  gave  good  results  against  certain  pests,  but 
were  quickly  superceded  when  the  phenomenal  results  with  the  new 
synthetic  organic  compounds  became  known.  This  era  of  the  so-called 
"miracle"  insecticides  started  about  10  years  ago  with  the  release  of 
DDT  for  general  use.  At  first  DDT  was  considered  to  be  the  answer  to 
practically  all  pest  problems,  but  additional  research  and  its  use  under 
field  conditions  soon  indicated  some  of  its  shortcomings,  such  as  its 
inability  to  control  some  pests,  its  phytotoxicity  to  certain  plants,  and 
the  development  of  resistance  to  it  by  some  pest  species. 

Figures  on  the  manufacture  of  insecticides  clearly  show  the  abrupt 
change  around  1950  from  the  older  materials  to  the  new  synthetic 
organic  compounds.  A  comparison  of  the  Census  Bureau  figures  on  in- 
secticides manufactured  in  1939  with  those  of  1954  shows  a  drop  of  the 
two  arsenates,  calcium  and  lead,  from  100  million  pounds  to  19  million 
pounds  annually.  DDT  for  military  purposes  reached  12  million  pounds 
during  World  War  II  and  for  all  purposes  in  1954  to  97  million  pounds. 
Other  chlorinated  hydrocarbon  compounds  and  the  organic  phosphates 
followed,  so  that  by  1955,  60  were  registered  for  crop  use  and  30  had 
been  approved  under  provisions  of  the  Miller  Act.  In  addition  to  the 
release  of  new  chemicals  the  total  amount  of  insecticides  used  showed  a 
large  increase  during  this  10  year  period. 

The  problems  of  insect  control  can  be  divided  into  two  categories: 
Those  of  an  acute  or  emergency  nature  and  those  that  are  chronic. 
Emergency  problems  are  those  of  high  population  levels  which  need 
immediate  attention.  Often  the  pest  increases  suddenly  over  a  wide  area 
and  causes  an  outbreak.  Under  this  heading  could  be  considered  the 
European  corn  borer,  grasshoppers,  the  tomato  hornworms,  the  army- 
worm,  the  chinch  bug,  cutworms,  and  many  others.  Such  pests  may  be 
present  every  year  but  with  a  combination  of  favorable  climatic  and 
environmental  conditions  they  increase  rapidly.  Immediate  action  is 
often  necessary  to  save  the  crop  and  to  prevent  further  spread.  All  too 
often  such  outbreaks  are  well  established  before  information  reaches 
entomologists  who  have  to  make  the  control  recommendations. 

A  chronic  insect  problem  is  one  that  is  present  much  of  the  time 
but  is  seldom  serious  enough  to  attract  attention.  The  insects  may  feed 
and  reduce  yields  5  to  25  percent  without  being  noticed  by  farmers.  Per- 
haps an  outstanding  example  of  such  a  pest  is  the  potato  leafhopper. 
Partial  control  was  obtained  with  copper  compounds,  but  the  change  to 
the  more  effective  DDT  increased  yields  by  50  percent  or  more.    Wilson 
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(4)  found  that  this  same  pest  on  alfalfa  was  responsible  for  much  of 
the  yellowing  attributed  to  plant  food  deficiencies.  Methoxychlor  not 
only  gave  increased  yields  but  also  permitted  the  plants  to  thrive  better 
the  following  year.  Everly  (2)  reports  that  insecticides  used  against 
such  a  minor  pest  as  the  clover  root  borer  resulted  in  better  stands  and 
increased  yields. 

At  present  our  country  has  large  surpluses  of  many  foodstuffs,  but 
by  1970  the  picture  may  be  entirely  different,  for  by  then  our  population 
will  have  increased  by  one-fourth.  Agricultural  land  cannot  be  increased 
and  so  to  produce  more  food  on  the  same  number  of  acres  it  will  be 
necessary  to  follow  all  technicological  advances.  Many  people  have  called 
this  the  age  of  chemical  farming,  as  we  have  been  placing  greater  de- 
pendence on  chemical  fertilizers,  soil  disinfectants,  insecticides,  fungi- 
cides and  weed  killers.  Insect  control  will  have  an  important  part  in 
producing  more  and  better  food  for  all  peoples. 

The  new  insecticides  have  been  effective  against  a  wide  range  of 
pests  and  have  many  advantages  over  the  older  materials.  Perhaps  the 
outstanding  advantage  is  a  better  kill  at  a  cheaper  cost.  An  excellent 
example  is  a  comparison  of  the  control  of  the  potato  leafhopper  with 
bordeaux  mixture  or  copper-line  dust  with  that  of  DDT.  The  copper 
compounds  gave  some  protection  but  by  midsummer  the  foliage  would 
turn  brown.  With  DDT  the  leafhoppers  were  eliminated,  the  plants  stayed 
green  and  yields  increased.  Growers  soon  found  that  six  to  eight  ap- 
plications were  sufficient  to  protect  the  plants  and  still  not  keep  the 
foliage  green  late  in  the  summer. 

Ease  of  application  is  another  advantage,  for  they  are  available  in 
several  type  of  formulations:  wettable  powder,  dusts,  granules,  emulsi- 
fiable  concentrates  and  oil  solutions.  Application  equipment  has  also 
been  improved  or  changed  materially.  In  recent  years,  in  Indiana  at 
least,  there  has  been  a  gradual  change  over  to  sprayers,  especially  the 
low  pressure  type.  Since  this  type  is  used  for  weeds  and  is  comparatively 
cheap,  many  farms  are  now  equipped  to  spray  for  weeds,  insects  and 
plant  diseases.  The  emulsions  are  ideal  to  use  in  such  sprayers,  as  they 
do  not  clog  the  screens  or  nozzle  tips.  Orchard  and  row-crop  sprayers 
and  dusters  have  also  undergone  improvements.  Advances  have  been 
made  in  aerial  application  equipment  and  now  large  acreages  can  be 
treated  in  a  few  hours  with  a  spray,  a  dust  or  with  granules.  Research 
is  still  under  way  with  granular  materials,  but  they  show  promise  for 
aerial  applications,  for  spreaders  and  for  mixing  the  insecticide  in  a 
fertilizer. 

Long  residual  action  is  a  characteristic  of  some  new  insecticides. 
They  give  protection  against  insect  attack  for  longer  periods  and  reduce 
the  number  of  applications  necessary.  On  cabbage,  the  author  observed 
that  some  materials  had  to  be  re-applied  in  10  to  14  days,  while  strobane 
and  endrin  gave  protection  for  30  days  or  longer.  This  long  residual 
property  is  of  value  where  insect  migrations  continue  over  a  period  of 
time,  or  where  reinfestation  is  possible.  Good  examples  are  chinch  bugs, 
cockroaches,  ants  and  flies.  They  are  also  of  value  against  soil  insects 
such  as  termites,  wireworms,  white  grubs  and  corn  rootworms. 
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An  insecticide  with  a  short  residual  life  is  desirable  in  some  circum- 
stances such  as  treating  edible  crops  during  or  near  the  time  of  harvest. 
Such  materials  have  the  advantage  of  killing  the  pest  immediately  and 
still  not  leave  a  dangerous  quantity  of  residue  on  a  crop  to  be  eaten  by 
man  or  livestock.  Several  of  the  organic  phosphate  compounds  fit  into 
this  group,  for  some  leave  little  or  no  residue  after  24  to  72  hours. 
Another  interesting  characteristic  of  some  phosphates  is  systemic  action. 
They  are  taken  up  in  the  sap  of  the  plant  and  kill  certain  types  of 
insects.    Their  effective  life  is  from  one  to  21  days. 

The  new  insecticides  have  given  better  control,  but  their  use  has 
created  new  problems  associated  with  their  higher  toxicity  and  their 
longer  effective  life.  These  problems  include  the  dangers  to  humans  and 
to  livestock,  the  killing  of  beneficial  insects,  possible  toxic  concentra- 
tions in  soils,  off-flavor  to  edible  products,  toxicity  to  plants,  and  the 
development  of  resistance  or  tolerance  to  insecticides.  The  federal  Food, 
Drug  and  Cosmetic  Act  of  1937  and  the  Miller  Amendment  of  1954  were 
passed  to  give  the  public  protection  from  possible  dangers  from  all 
insecticides.  Effective  this  year,  all  insecticides  just  have  their  use 
approved  by  a  federal  agency  and  their  residues  on  edible  products  must 
come  within  the  tolerances  established  by  the  Food  and  Drug  authorities. 

The  widespread  use  of  chemical  control  has  destroyed  many  beneficial 
insects,  including  parasitic  and  predaceous  forms  that  often  are  of  value 
in  keeping  pest  species  at  low  levels.  This  upsetting  of  the  normal  balance 
of  nature  has  resulted  in  destructive  populations  of  insects  which  in  the 
past  received  little  attention.  A  good  example  is  the  use  of  DDT  for  the 
control  of  the  codling  moth.  DDT  was  so  much  better  than  lead  arsenate 
that  it  became  the  standard  insecticide  on  apples.  In  a  year  or  two, 
however,  the  red-banded  leaf -roller  became  a  serious  problem  in  orchards 
and  so  a  second  material  had  to  be  added  to  take  care  of  the  leaf -roller. 
Still  another  problem  developed  in  these  same  orchards,  a  serious  mite 
problem  which  required  a  third  material. 

Residues  of  the  more  toxic  chemicals  in  and  on  crops  used  for 
human  or  livestock  consumption  are  giving  concern  to  health  officials. 
Some  of  the  newer  compounds  are  poisonous  in  small  quantities  and 
persist  for  days  or  even  weeks.  In  addition,  some  materials  are  highly 
dangerous  to  the  applicator  at  the  time  of  application.  Efforts  are  being 
made  by  manufacturers,  research  workers  and  federal  officials  to  provide 
greater  safety  to  the  public.  With  the  establishment  of  tolerances  under 
the  Miller  Act  and  with  additional  research,  many  of  the  dangers  should 
be  eliminated.  However,  it  is  of  utmost  importance  that  entomologists 
reconsider  control  recommendations  in  the  light  of  these  new  regulations. 

Concern  has  been  expressed  about  the  build-up  of  chemicals  in  the 
soil  following  repeated  applications  of  insecticides.  This  has  happened 
in  the  past  where  the  soil  in  an  orchard  has  so  much  arsenical  accumula- 
tions that  other  crops  could  not  grow.  With  the  new  chemicals,  tests  to 
date  indicate  that  crops  can  tolerate  enormous  quantities  in  the  soil 
before  plant  growth  is  affected.  This,  of  course,  would  vary  with  the 
insecticide,  the  crop  and  the  soil  type.  Bauer  and  Dahm  (1)  found  that 
dosages  of  aldrin  in  the  soil  up  to  64  pounds  per  acre  caused  no  del- 
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eterious  effect  on  growth  of  a  variety  of  plants.  Indiana  potato  growers 
apply  as  much  as  15  pounds  of  DDT  per  acre  per  year  and  as  much  as 
45  pounds  over  a  10-year  period  and  to  date  no  harmful  effects  have  been 
noted. 

Another  problem  is  off  flavor  in  fruits  and  vegetables  resulting  from 
foliage  or  soil  applications.  There  is  evidence  to  indicate  that  some 
chlorinated  hydrocarbon  and  some  phosphate  compounds  may  affect 
quality.  The  principal  offender,  however,  has  been  benzene  hexachloride, 
which  has  affected  fruits,  vegetables,  eggs  and  the  flesh  of  chickens  and 
livestock.  This  chemical  is  persistent  in  the  soil,  for  one  report  indicates 
that  potatoes  grown  after  seven  years  were  still  unsaleable. 

Still  another  problem  is  the  development  of  resistance  or  tolerance 
by  certain  insects  to  both  the  cholrinated  hydrocarbons  and  the  phos- 
phate compounds.  This  topic  is  to  be  discussed  by  another  speaker  on 
this  symposium. 

Phytotoxicity  has  been  reported  on  a  wide  variety  of  plants.  The 
injury  may  be  caused  by  the  chemical  itself  or  by  the  solvent  used  in 
preparing  the  different  formulations.  Of  the  chemicals,  many  of  the 
hydrocarbon  compounds  injure  plants  of  the  family  Cucurbitaceae.  This 
is  especially  true  of  toxaphene  and  strobane,  while  the  regular  form  of 
DDT  causes  some  injury  to  certain  varieties  of  squash  and  cucumbers. 
Several  members  of  this  group  and  some  of  the  phosphate  compounds 
may  injure  tomatoes.  BHC  and  its  purified  gamma  isomer  known  as 
lindane  may  destroy  germination  of  certain  seeds  or  may  cause  dis- 
tortion of  the  seedling.  The  author  (3)  found  that  injury  to  corn  seed 
is  directly  correlated  with  the  amount  of  actual  gamma  used  and  that 
lindane  at  the  standard  dosage  does  not  seriously  affect  germination  and 
early  plant  growth.  The  injury  from  BHC  is  similar  to  that  of  weed 
killers  and  appears  to  be  to  the  growth  points  of  the  seedling  rather  than 
to  the  seed  itself. 

A  wide  variety  of  solvents  are  used  in  the  formulation  of  insecticides. 
Oils  are  frequently  used  and  injury  from  them  is  associated  with  the 
amount  of  unsulfonated  hydrocarbons  left  in  the  oil.  Because  of  its  high 
violatility  xylene  is  often  mentioned  as  a  good  solvent,  but  under  some 
conditions  it  too  has  caused  injury.  Certain  alcohols  and  ketones  are 
also  used  for  solvents.  Injury  from  solvents  may  be  a  distortion  similar 
to  that  of  a  harmone  or  weed-killer  and  may  be  a  yellowing  and  burning 
of  the  leaves.  Other  factors  involved  in  injury  are  the  percentage  of 
solvent  necessary  to  dissolve  the  insecticide  and  the  ability  of  the 
emulsifier  to  blend  the  dissolved  insecticide  with  water.  A  few  years  ago 
an  Indiana  potato  grower  had  serious  distortion  to  foliage  following  one 
application  of  DDT.  Upon  investigation,  the  manufacturer  admitted  that 
the  standard  solvent  had  not  been  used. 

Control  of  insect  pests  today  relies  heavily  on  chemicals.  The  use 
of  insecticides  has  been  so  satisfactory  that  for  the  immediate  future 
even  greater  dependence  will  be  placed  on  this  method  of  checking  insect 
losses.  Cultural  practices  and  biological  control  are  still  of  value  and 
have  a  definite  place  in  recommendations,  but  will  be  subordinate  to 
chemicals.    Further  study   is,   of   course,   needed   to   discover  the  possi- 
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bilities  and  shortcomings  of  available  materials  and  to  develop  safer  and 
cheaper  methods  of  obtaining  maximum  protection  against  insect  pests. 
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Toxicity  of  Insecticides  to  Humans 

W.  S.  Van  Scoik,  American  Cyanamid  Company 

Introduction 

To  date,  entomologists  have  estimated  the  identification  and  descrip- 
tion of  some  625,000  to  1,500,000  species  of  insects  (22).  Out  of  this 
gargantuan  group  some  600  species  are  considered  injurious  to  man, 
his  crops  and  animals,  with  less  than  100  species  responsible  for  an 
annual  economic  loss  in  the  United  States  of  4  billion  dollars  (7). 

Today  we  are  fortunate  to  have  a  wide  variety  of  insecticides  from 
which  to  choose  when  an  attack  upon  insects  is  anticipated.  Recently 
THE  JOURNAL  OF  ECONOMIC  ENTOMOLOGY  published  a  list  of 
common  insecticide  names  that  are  to  be  used  in  the  JOURNAL  (8). 
The  list  is  confined  to  organic  compounds  and  does  not  mention  the 
commonly  used  botanicals  and  inorganics.  Nevertheless,  80  compounds 
are  listed  and  testify  to  the  impetus  of  present  day  insecticide  develop- 
ment. I  would  estimate  that  approximately  35-40  insecticides  of  all  types 
are  commonly  used  in  American  agriculture  and  pest  control,  while  the 
charmed  circle  of  materials  probably  numbers  near  25. 

This  paper  will  deal  with  the  better  known  toxicological  aspects 
of  commonly  used  insecticides.  No  attempt  is  made  to  cover  the  entire 
field.    Rather,  specific  groups  of  materials  will  be  discussed. 

Past,  Present  and  Future  Outlook 

The  original  discovery  of  toxic  compounds  was  one  of  chance  per- 
formed long  before  the  time  of  written  history.  Early  man  stumbled 
upon  minerals  and  plants  capable  of  inactivating  his  animals  or  harming 
himself  and  soon  learned  to  utilize  them  for  profit.  For  unknown  cen- 
turies his  target  was  not  insects,  but  political  foes,  husbands,  wives  and 
others  who  might  be  profitably  removed.  Poisoning  people  became  an 
accomplished  profession  in  the  classical  period  of  Greek  history  and 
progressed  through  the  ages  as  a  commonplace  practice  until  1846,  when 
Marsh  announced  a  chemical  test  for  arsenic.  Several  plant  poisons 
were  used  over  the  ages  but  arsenic  was  called  king  of  the  poisons. 
Arsenic  was  effectively  used  by  the  notorious  Italian  Borgias.  The 
Borgias  are  said  to  have  prepared  their  poison,  called  "The  Gift  of  the 
Borgia",  by  mixing  arsenic  with  ptomains  as  follows:  "A  hog  was  killed 
with  arsenic.  Its  abdomen  was  opened  and  sprinkled  with  more  of  the 
same  drug.  The  animal  was  then  allowed  to  putrefy.  The  liquor  which 
trickled  from  the  decaying  carcass  was  collected  and  evaporated  to  a 
powder"   (16).    This  made  an  extremely  efficient  poison. 

In  the  late  1800's  the  arsenicals  appeared  as  insecticides  and  were 
recognized  as  London  Purple,  Paris  Green,  lead  and  calcium  arsenate, 
and  other  compounds  of  arsenic.  Then,  as  now,  the  arsenicals  are  con- 
sidered excellent  stomach  poisons.  Concurrent  to  the  development  of  the 
arsenicals  was  that  of  the  plant  poisons  which  have  served  as  contact 
poisons. 
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Considerable  change  has  been  apparent  since  the  development  of  our 
present  organic  insecticides.  These  materials  generally  act  as  both 
stomach  and  contact  poisons  and  often  are  fumigants  as  well.  New  prob- 
lems of  acute  and  chronic  toxicity  have  accompanied  the  organics  but 
their  benefits  have  more  than  offset  the  problems.  Compounds  developed 
during  the  last  ten  to  fifteen  years  offer  broad  range  insect  control,  or 
specificity,  as  dictated  by  the  choice  of  the  user. 

Economic  considerations  coupled  with  the  desires  and  needs  of  a 
consuming  public  will  serve  as  guideposts  to  the  development  of  new 
insecticides.  Inasmuch  as  we  have  several  excellent  broad  range  in- 
secticides available  today,  I  should  imagine  that  a  good  number  of  the 
future  insecticides  will  be  highly  specific  and  incorporate  great  safety 
to  the  user.  Certainly  low  mammalian  toxicity  aspects  of  any  new  in- 
secticide will  weigh  heavily  in  its  development. 

Discussion 

Excluding  nicotine,  most  poisons  derived  from  plants  and  used  as 
insecticides  are  considered  innocuous  to  warm  blooded  animals.  In- 
secticides prepared  from  plants  are  nicotine,  rotenone,  pyrethrum,  saba- 
dilla  and  ryania. 

Nicotine  is  a  rapid,  violent  poison  to  warm  blooded  animals  either 
through  oral  intake  or  skin  absorption.  When  combined  with  sulfuric 
acid  to  form  nicotine  sulfate  it  is  considerably  safened.  Acute  nicotine 
poisoning  is  characterized  by  hot  burning  sensations  in  the  mouth, 
esophagus  and  stomach  and  is  followed  by  salivation,  nausea,  vomiting 
and  convulsions.  Paralysis  of  the  respiratory  muscles  results  in  death. 
Chronic  poisoning  effects  are  those  of  inanition  (13).  The  approximate 
acute  oral  LD5Qi  toxicity  to  rats  is  50-60  mg./kg.  (6). 

Suggested  treatment  for  nicotine  poisoning  due  to  ingestion  is 
stomach  lavage  with  strong  tea  or  coffee  and  administration  of  charcoal 
or  permanganate  to  detoxify  the  nicotine.  Artificial  respiration  and 
oxygen  should  be  administered  to  maintain  breathing  (13).  Treatment 
is  only  necessary  for  a  few  hours  to  a  day  or  two  due  to  rapid  detoxi- 
fication. 

Respiratory  failure  is  the  most  important  action  of  rotenone  and 
pyrethrum  on  warm  blooded  animals.  Large  dermal  applications  of  the 
two  materials  have  failed  to  produce  fatal  results.  It  would  appear  that 
only  large  oral  doses  can  be  fatal  to  man.  Symptomatic  treatment  is 
suggested  for  rotenone,  while  gastric  lavage  is  suggested  for  oral  inges- 
tion of  pyrethrum  solutions  (to  remove  the  solvent,  often  kerosene)  (13). 
Approximate  acute  oral  LDr)0  toxicities  to  rats  are:  rotenone  132  mg./kg. 
and  pyrethrum  200  mg./kg.  (14). 

Arsenic  compounds  act  as  general  poisons  to  protoplasm  and  exhibit 
their  effect  when  water  soluble  arsenious  or  arsenic  acid  is  formed. 
Arsenicals  may  be  toxic  when  absorbed  through  the  skin  or  orally 
ingested.  Symptoms  of  lead  arsenate  poisoning  are  those  of  lead  poison- 
ing and  the  treatment  is  that  recommended  for  lead  poisoning.    Charac- 


1.    Indicates  quantity  of  poison  needed  to  kill  50  percent  of  a  test  group. 
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teristics  of  acute  arsenic  poisoning:  due  to  ingestion  in  warm  blooded 
animals  are  severe  diarrhea  with  a  marked  loss  of  body  fluids  and 
electrolytes  and  a  consequent  damage  to  vital  organs.  Death  generally 
occurs  in  one  or  two  days  following  an  acute  poisoning  (20).  Approximate 
acute  oral  LDr)0  values  to  rats  of  the  two  most  commonly  used  arsenic 
compounds  follow:  lead  arsenate  100  mg./kg.  (14),  calcium  arsenate 
20  mg./kg.  (14).  Indicated  treatment  includes  gastric  lavage  with  large 
quantities  of  warm  water,  saline  laxatives  and  castor  oil.  Physician  in 
attendance  may  administer  BAL. 

DDT  has  been  under  investigation  as  an  insecticide  since  1939  and 
has  been  commercially  used  in  this  country  since  1946.  DDT  is  produced 
in  greater  tonnage  than  any  other  insecticide  and  a  good  picture  of  its 
toxicological  effect  on  vertebrates  is  known. 

"Acute  poisoning  in  man  is  that  expected  from  the  observation  of 
such  poisoning  in  laboratory  animals.  An  early  symptom  is  paresthesia 
of  the  lips,  tongue  and  face.  Later  dizziness  and  weakness  are  noted. 
There  is  apt  to  be  numbness,  tingling  and  hyperesthesia  in  the  ex- 
tremities. Tremors  about  eyelids  and  face  spread  to  the  trunk  and 
extremities;  nausea  and  vomiting  may  or  may  not  occur.  This  prodrome 
is  followed  (within  an  hour  if  the  dose  is  sufficiently  large  and  rapidly 
absorbed — as  from  a  digestible  oil)  by  a  tonic  and  then  a  clonic  con- 
vulsion of  a  few  minutes  duration.  A  period  of  relaxation  with  prostra- 
tion and  labored  breathing  is  followed  by  another  convulsion.  The  cycle 
repeats  itself  (a  few  times  only  in  large  doses)  until  death,  recovery, 
or  control  by  anesthesia  or  sedation  occurs"  (15).  Except  in  extremely 
serious  cases  of  accidental  ingestion  or  when  DDT  has  been  taken  with 
suicidal  intent  recovery  becomes  apparent  and  is  well  advanced  in  twenty- 
four  hours.  An  exception  is  an  instance  where  three  persons  each  ate 
20  grams  of  DDT  and  exhibited  weakness  in  the  hands  for  five  weeks 
(10).  Approximate  acute  oral  LD50  value  of  DDT  to  rats  is  250  mg./kg. 
Approximate  single  dermal  exposure  (24  hours)  LD50  value  of  30% 
technical  DDT  to  rabbits  is  above  2820  mg./kg.  (14). 

"There  is  no  specific  antidote  for  chlorinated  hydrocarbon  insecticide 
intoxication  and  there  are  no  clinical  laboratory  findings  which  con- 
tribute to  the  diagnosis  (19)."  However,  suggested  treatment  for  in- 
gested DDT  recommends  removal  of  stomach  contents  by  inducing 
vomiting  followed  by  stomach  irrigation.  Saline  cathartics  may  be 
employed.  Barbiturates  should  be  used  in  adequate  quantity  to  control 
convulsions  (19). 

DDT  is  generally  considered  a  safe  insecticide  to  use.  No  well  de- 
scribed case  of  fatal  uncomplicated  DDT  poisoning  is  known.  Also,  no 
case  of  chronic  DDT  poisoning  in  man  has  been  confirmed.  (9).  Quanti- 
ties as  high  as  285  mg./kg.  have  been  taken  by  man  without  fatal 
results  (5)  and  human  volunteers  have  ingested  0.5  mg./kg.  per  day  for 
prolonged  periods  without  illness  (10).  Man  is  known  to  store  DDT  in 
his  adipose  tissue,  detoxify  it  in  his  liver,  and  slowly  excrete  it  through 
his  urine  (6).  DDT  produces  definite  histological  changes  in  the  liver 
(10).    DDT,  in  solution,  may  be  absorbed  through  the  skin,  respiratory 


132  Indiana  Academy  of  Science 

system  and  gastro-intestinal  tract  and  is  generally  considered  most 
hazardous  when  the  solution  is  of  an  oily  nature. 

From  a  study  conducted  in  a  restaurant  and  institution  it  was  found 
that  an  average  meal  contains  0.31  ppm  of  DDT  (dry  weight)  and  that 
an  average  man  eats  0.0026  mg./kg.  of  DDT  per  day  (15).  Studies  such 
as  the  one  just  mentioned  have  caused  alarmists,  such  as  Biskind  (1), 
to  freely  criticize  the  use  of  DDT  and  suggest  it  responsible  for  recent 
increases  in  several  diseases  of  man  and  animal.  No  experienced  worker 
in  the  field  supports  his  views.  On  the  other  hand,  Hayes,  U.  S.  Public 
Health  Service,  feels  no  hazards  exist  in  our  national  health  scene  from 
present  day  use  of  DDT  (10).  The  American  Medical  Association 
refutes  Biskind's  claim  in  a  recent  editorial: 

"In  the  light  of  recent  reports,  Biskind's  claim  that  the  facts  re- 
garding chlorophenothane  have  been  concealed,  suppressed,  denied,  and 
distorted  no  longer  holds  true.  Too  many  persons  are  willing  or  eager 
to  attribute  an  increase  in  certain  illnesses  or  an  otherwise  unexplainable 
death  to  an  exposure  to  some  new  chemical  hazard  without  matching 
the  patient's  signs  and  symptoms  with  the  known  effects  of  poisonous 
doses  of  the  chemical  or  determining  the  degree  of  the  patient's  exposure. 
Under  the  current  administrative  setup,  the  Department  of  Agriculture 
discusses  the  hazards  of  handling  all  new  insecticides  with  the  Public 
Health  Service  and  requests  the  Food  and  Drug  Administration  to 
evaluate  the  hazards  resulting  directly  or  indirectly  from  residues  on 
foods.  In  the  case  of  chlorophenothane,  it  is  safe  under  ordinary  condi- 
tions of  legitimate  use  and  definitely  safer  than  such  insecticides  as 
arsenic,  nicotine,  and  sodium  fluoride"   (6). 

Other  chlorinated  hydrocarbons  vary  considerably  in  their  toxicity 
to  man  and  most  are  more  toxic  than  DDT.  Multiple  dermal  exposures 
constitute  the  most  serious  hazard  involved  with  their  use.  Poisoning 
symptoms  appear  closely  allied  to  DDT  and  treatment  depends  on  the 
use  of  symptomatic  measures.  Some  toxicity  values  of  the  other  chlorin- 
ated hydrocarbons  are  presented  (14). 

Dermal  (Single 

Exposure — 24  hrs.) 

Approx.  LD50 

mg./kg-.  rabbits 

in  dimethyl 
above  2820  (30%  Tech.)  phthalate 
below  780  (20%  Tech.)  phthalate 
above  188  (  2%  Tech.)  phthalate 
below  780  (20%  Tech.)  phthalate 
below  150  (  4%  Tech.)  phthalate 
below     150  (  4%  Tech.)  phthalate 

The  organic  phosphates  represent  the  newest  important  group  of 
insecticides.  A  number  of  them  have  been  commercially  used  since  the 
end  of  World  War  II.  Considerable  research  energy  has  been  devoted  to 
this  group  in  an  effort  to  develop  materials  of  high  insect  toxicity  and 
versatility.    Great  differences  exist  in  the  structure  and  physical  proper- 
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Methoxychlor 

6000 

Chlordane,  technical 

457 

Lindane 

125 

Toxaphene 

69 

Aldrin 

67 

Dieldrin 

87 
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ties  of  the  organic  phosphates  manifested  by  differences  in  volatility, 
toxicity  to  warm  blooded  animals  and  residual  action.  The  common 
denominator  of  the  group  is  cholinesterase  inhibition.  A  large  number 
of  phosphate  compounds  are  in  use  or  under  development.  Principal 
materials  of  commercial  significance  are  parathion,  TEPP,  EPN,  Systox 
(demeton)  and  malathion. 

Early  symptoms  of  parathion  poisoning  in  man  are:  nausea,  head- 
ache, abdominal  cramps,  lacrimation,  salivation,  giddiness,  sweating  and 
blurring  of  vision.  As  poisoning  advances  muscular  weakness,  diarrhea, 
vomiting,  tightness  of  the  chest  and  contracted  pupils  occur.  Late  stage 
symptoms  are  muscular  twitching,  prostration,  pulmonary  congestion, 
convulsions  and  coma.  In  the  great  majority  of  cases  symptoms  of 
parathion  poisoning  generally  appear  2-3  hours  after  the  last  exposure 
and  rarely  after  six  hours.  If  an  interval  of  twelve  hours  or  more  exists 
between  the  last  exposure  and  symptoms  the  case  is  certain  to  be  some- 
thing other  than  parathion  poisoning.  An  efficient  antidote  for  poisoning 
is  atropine  sulfate.  First  aid  treatment  to  victims  of  parathion  poisoning 
indicates  immediate  administration  of  two  atropine  tablets  (each  1/100 
gr.)  orally.  If  the  patient  is  unable  to  swallow  or  retain  stomach  contents 
he  may  dissolve  atropine  tablets  under  his  tongue.  If  a  physician  has 
not  arrived  in  one  hour  atropine  tablets  should  be  administered  again. 
If  the  toxicant  has  been  swallowed  vomiting  should  be  induced  by  giving 
warm  salty  or  soapy  water.  Contaminated  clothing  should  be  removed 
and  the  patient's  body  washed  with  soap  and  water.  Artificial  respira- 
tion should  be  practiced  if  difficult  breathing  is  apparent.  Hospital  treat- 
ment following  first  aid  steps  includes  further  use  of  atropine  in  quan- 
tities five  to  ten  times  larger  than  the  average  therapeutic  dose,  keeping 
the  patient  fully  atropinized,  the  use  of  oxygen  as  required  and  removal 
of  secretions  from  the  respiratory  system  by  aspiration.  The  acute  emer- 
gency lasts  from  one  to  two  days  and  the  patient  must  be  closely 
observed  during  this  period  (9).  After  recovery  from  poisoning  the 
patient  should  avoid  exposure  to  all  phosphates  until  his  red  blood  cell 
cholinesterase  level  has  returned  to  normal.  He  will  remain  susceptible 
to  small  quantities  of  phosphates  until  regeneration  of  red  blood  cell  and 
tissue  cholinesterase  is  completed.  This  may  be  as  long  as  three  months 
(9).  Any  susceptibility  to  phosphate  poisoning  is  completely  lost  after 
the  cholinesterase  level  returns  to  normal  (19). 

Phosphate  insecticides  may  enter  the  body  in  quantities  sufficient 
to  be  toxic  through  skin  absorption,  oral  ingestion  or  inhalation  of  dusts 
or  aerosols.  Most  poisonings  are  the  result  of  skin  exposures.  Consid- 
erable debate  has  focused  on  the  inhalation  hazard  of  parathion.  Hazle- 
ton  reports  the  inhalation  of  particulate  matter  such  as  dusts  and  aerosols 
as  highly  toxic,  but  doubts  the  hazard  of  vapor  toxicity  (11).  Extensive 
studies  of  parathion  in  the  body  indicate  it  is  not  stored  in  the  tissues, 
fat  or  blood  (11).  It  is  not  passed  through  milk  (11).  Hazleton  has 
reviewed  the  work  of  several  authors  that  indicate  the  molecule  is 
detoxified  by  splitting  off  the  aromatic  nitro  group  which  is  then  in  the 
urine  as  p-aminophenol  and  p-nitrophenol  (11).  Sensitive  tests  for 
measuring   cholinesterase   in   human   blood   have   been   developed   which 
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serve  to  warn  individuals  of  the  possibility  of  forthcoming1  poisoning 
prior  to  the  appearance  of  symptoms.  To  be  of  value  determinations 
must  be  made  prior  to  exposure  and  at  regular  intervals  during  exposure. 
These  tests  are  strongly  advocated  wherever  parathion  is  handled. 

Two  extremes  of  toxicity  to  man  are  represented  by  TEPP  and 
malathion.  The  only  pharmacological  action  of  both  compounds  is  that 
they  inhibit  cholinesterase  and  yet  are  vastly  different  quantitatively. 
TEPP  is  the  most  toxic  phosphate  insecticide  used  in  agriculture  and  is 
extremely  unstable  in  the  presence  of  moisture.  Its  hazard  to  man  is 
one  of  single  applications  or  repeated  small  exposures.  No  residue  hazard 
exists  on  treated  crops.  Malathion  is  the  least  toxic  phosphate  insecticide 
to  human  beings  commonly  used  in  agriculture  and  is  considered  a 
relatively  weak  cholinesterase  inhibitor.  To  date  no  authenticated  case 
of  malathion  poisoning  has  been  reported.  OMPA  (Schradan)  is  an 
organic  phosphate  of  the  systemic  class  of  insecticides  designed  to  enter 
plant  tissues  and  fluids  and  poison  insects  attacking  them.  In  vitro, 
OMPA  is  not  a  cholinesterase  inhibitor  but  must  be  metabolized  before 
active  cholinesterase  inhibition  is  shown  (11).  The  liver  of  mammals 
(12)  and  various  insect  organs  accomplish  the  metabolism  of  OMPA  (3). 

Some  toxicity  values  of  representative  organic  phosphate  insecticides 
are  presented  (14). 

Dermal  (Single 
Acute  Oral  Exposure — 24  hrs. ) 

Approx.  LD30  Approx.  LD50 

mg./kg.  rats  mg./kg.  rabbits 

Malathion  (95%  tech.)  2103     (Hazleton)  12,300  (Guinea  pigs) 

Demeton  19  24  (Monsanto) 

EPN  14.5  30-50  (Undiluted  tech.) 

Parathion  3  40-50  (Undiluted  tech.) 

TEPP  1.2  5  (Undiluted  tech.) 

Sulfur  is  considered  non-toxic  to  humans.  The  insecticidal  oils,  organic 
thiocyanates  in  concentrations  normally  used  and  specific  acaracide 
compounds,  such  as  Ovotran,  are  of  low  toxicity  to  vertebrates.  The 
dinitro  compounds,  such  as  DNOC  and  DNOCHP,  are  toxic  to  man  and 
have  been  shown  to  accomplish  poisoning  by  materially  increasing 
metabolic  activity  and  oxygen  consumption  (17). 

Materials  which  exhibit  insect  control  by  highly  effective  gases  are 
called  fumigants  and  are  generally  used  in  specialized  situations.  A 
large  number  of  fumigants  are  recognized  with  HCN  (Hydrocyanic  acid 
or  hydrogen  cyanide)  and  methyl  bromide  being  two  of  the  better  known. 

HCN  is  a  colorless  gas  at  room  temperature.  It  is  used  in  several 
forms,  among  those  being:  as  a  liquid  supplied  from  steel  cylinders, 
and  in  a  granular  or  dust  form  of  calcium  cyanide  that  evolves  HCN 
upon  contact  with  moisture  in  the  air.  Calcium  hydroxide  is  the  residual 
material  left  after  the  HCN  has  been  liberated  from  the  calcium 
cyanide.  Hydrogen  cyanide  is  extremely  toxic  to  warm  blooded  animals 
and  may  be  fatally  inhaled  or  absorbed  through  the  skin.  It  is  rapid 
in  action  and  may  cause  poisoning  without  warning  symptoms.    Symp- 
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toms  that  may  appear  are  vomiting,  giddiness,  faintness,  respiratory 
stimulation  followed  by  depression,  convulsions  and  coma  (21).  In  man, 
hydrogen  cyanide  combines  with  the  oxidated  enzymes  of  the  blood  and 
prevents  body  tissues  from  utilizing  oxygen  (2).  First  aid  to  victims 
of  cyanide  poisoning  should  be  prompt  and  the  administration  of  proper 
treatment  can  reverse  poisoning  in  a  matter  of  minutes  (21).  This 
involves  the  conversion  of  cyanide  into  a  cyanmethemoglobin  by  inhaled 
or  intravenous  nitrites  and  the  oxidation  of  cyanide  to  the  thiocyanate 
by  intravenous  use  of  sodium  thiosulfate  (21). 

Methyl  bromide  is  a  colorless  gas  at  room  temperature  and  is  used 
from  sealed  containers.  It  is  sprinkled  or  sprayed  or  propelled  from 
cans  by  carbon  dioxide.  Methyl  bromide  is  toxic  to  man  and  inhalation 
should  be  avoided.  Considerable  attention  should  be  directed  to  safe 
use  of  methyl  bromide  as  poisoning  is  cumulative  and  symptoms  may 
not  manifest  themselves  for  days  or  several  months  after  exposure  (17). 
Symptoms  to  man  from  mild  poisoning  are  headache,  double  vision,  dis- 
turbance of  equilibrium,  dizziness  and  giddiness.  Advanced  symptoms 
of  delerium,  convulsions  and  loss  of  consciousness  precede  death  (2). 
Two  theories  exist  on  methyl  bromide's  mode  of  action  to  warm  blooded 
animals.  One  contends  methyl  bromide  is  converted  in  the  body  to 
methyl  alcohol  and  a  bromine  salt  with  the  methyl  alcohol  acting  as 
the  toxicant.  The  other  theory  suggests  methyl  bromide  as  the  toxicant 
itself  (18). 

Any  material  capable  of  controlling  insects  presents  a  potential 
hazard  to  human  life.  A  great  deal  of  publicity  and  education  on  safe 
handling  of  insecticides  has  been  done  by  agricultural  advisors  and  manu- 
facturers. To  date,  most  accidents  involved  with  insecticides  in  agricul- 
tural use  have  been  the  result  of  carelessness,  gross  neglect  or  lack  of 
concern  for  others.  It  is  unfortunate  that  fatal  accidents  to  careless 
insecticide  users  not  only  take  their  lives,  but  create  a  number  of 
unfavorable  press  releases  that  often  misinform  our  consuming  public. 
Sensationalism  and  notoriety  always  seem  to  attach  themselves  to  such 
accidents.  Careless  insecticide  users  jeopardize  our  modern  insecticides 
by  casting  a  shadow  of  doubt  over  the  justification  of  their  use. 

Individuals  are  responsible  for  their  own  safety  and  the  safety  of 
helpers  when  using  insecticides  in  agriculture  or  pest  control.  Insecti- 
cide manufacturers  insure  the  safety  of  employees  by  demanding  strict 
industrial  hygiene  appropriate  to  the  material  being  produced. 

Government  and  state  agencies  attempt  to  protect  the  health  of 
the  consuming  public  by  recommending  materials,  their  application  and 
timing,  and  limiting  the  amount  of  a  toxicant  that  may  remain  on  an 
edible  crop  at  harvest.  It  is  apparent  that  the  individual  responsible  for 
the  application  of  a  toxicant  is  charged  with  the  maintenance  of  his  own 
health  and  that  of  his  helpers. 

Careful  observance  of  insecticide  labels  and  manufacturers'  direc- 
tions should  always  be  considered  a  must  by  the  user  of  insecticides. 
Generalized  safety  rules  worthy  of  perennial  practice  are:  avoid  skin 
contact  with  or  inhalation  of  insecticide  dusts  or  sprays;  do  not  eat  or 
smoke  while  applying  insecticides;  always  wash  spilled  insecticides  from 
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body  and  clothing;  wear  protective  clothing  and  a  respirator  when 
using  highly  toxic  materials;  always  wash  before  eating;  spray  or  dust 
so  that  the  insecticide  drifts  away  from  the  operator;  destroy  insecti- 
cide containers;  advise  others  of  the  materials  being  used;  be  aware  of 
first  aid  procedures  to  be  followed  should  poisoning  occur.  When  poison- 
ing is  suspected  consult  a  physician  and  advise  him  of  the  material  or 
materials  used. 

The  public  benefits  from  the  use  of  insecticides  in  the  form  of 
better  food,  clothing,  shelter  and  health.  Mass  studies  of  various  areas 
where  insecticide  use  is  heavy  have  been  made  and  show  no  deleterious 
public  health  picture  attributable  to  insecticides.  One  such  study  was 
made  in  the  Mississippi  Delta  by  Fowler  (4)  where  some  authors  (1) 
had  attributed  an  increased  incidence  of  many  diseases  to  heavy  insecti- 
cide use.  After  considerable  study  it  was  concluded  that  pesticides  could 
not  be  found  directly  or  indirectly  responsible  for  the  incidence  of  disease 
(4).  A  study  of  orchardists  in  the  state  of  Washington  by  Sumerford 
(23)  supports  Fowler's  work. 

Fatal  accidental  poisonings  due  to  agricultural  pesticides  are  com- 
paratively few  in  number  compared  with  other  commonly  available  toxic 
materials.  During  1950-1952  there  were  277  fatal  accidental  poisonings 
among  industrial  policy  holders  of  the  Metropolitan  Life  Insurance 
Company  (exclusive  of  Pacific  Coast  and  Canada)  (24).  This  total 
broken  down  appears  as  (24) : 

Barbiturates 84 

Drugs  and  Medicine  (except  barbiturates) 67 

Alcohols 57 

Unspecified    19 

Petroleum  Products    16 

Lead    13 

Insecticides  and  Rodenticides 11 

Alkalis  and  Acids 10 

Insecticides  will  continue  to  present  health  hazards  to  users  as 
long  as  powerful  and  efficient  compounds  are  available  to  work  with. 
A  sensible  evaluation  of  the  ramifications  involved  when  handling  them 
will  keep  poisonings  at  a  minimum. 

Common  names  and  abbreviations  are  referred  to  frequently. 
Chemical  names  of  the  compounds  are  listed: 

DDT — l,l,l-trichloro-2,2-bis  (p-chlorophenyl)  ethane. 

CHLORDANE— l,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,7a-hexahydro-4,7- 
meth-anoindene. 

LINDANE — gamma   isomer   of   1,2,3,4,5,6-hexachlorocyclohexane   of  not 
less  than  99  per  cent  purity. 

TOXAPHENE — C10H10C18  chlorinated  camphene  having  a  chlorine  con- 
tent of  67-69  percent. 

METHOXYCHLOR— l,l,l-trichloro-2,2  bis (p-methoxyphenol) -ethane. 
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ALDRIN — not  less   than  95   percent  of   l,2,3,4,10,10-hexachloro-l,4,4a,5, 
8,8a-hexahydro-l,4,5,8-dimethanonaphthalene. 

DIELDRIN— not    less    than    85    percent    of    l,2,3,4,10,10-hexachloro-6,7- 
epoxy-l,4,ra-5,6,7,8,8a-octahydro-l,4,5,8-dimethanonaphthalene. 

PARATHION— 0,0-diethyl  O-p-nitrophenyl  thiophosphate. 

TEPP — tetraethyl  pyrophosphate. 

EPN — 0-ethyl  O-p-nitrophenylbenzenethiophosphonate. 

DEMETON — mixture   of  0,0-diethyl-S-ethylmercaptoethyl  thiophosphate 
and  0,0-diethyl-O-ethylmercaptoethyl  thiophosphate. 

MALATHION — 0,0-dimethyl  dithiophosphate  of  diethyl  mercaptosuc- 
cinate. 

OMPA  (Schradan) — octamethyl  pyrophosphoramide. 

OVOTRAN — p-chlorophenyl  p-chlorobenzenesulfonate. 

DNOC — 4,6-dinitro-0-cresol. 

DNOCHP — 4,6-dinitro-0-cyclohexyphenol. 

HCN — hydrocyanic  acid  or  hydrogen  cyanide. 
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Development  of  Resistance  in  Insects  to  Insecticides 

John  V.  Osmun,  Purdue  University 

Several  of  the  previous  topics  have  in  one  way  or  other  pointed  out 
limitations  which  are  imposed  on  the  use  of  newer  insecticides.  What 
once  seemed  a  simple  and  nearly  ideal  situation  has  yearly  acquired 
new  legal,  toxicological  and  biological  restrictions.  Perhaps  the  biological 
implication,  expressed  in  the  occurrence  of  resistance,  is  the  most  dis- 
concerting. It  is  also  the  most  challenging,  because  it  presents  a  need 
for  research  in  areas  of  toxicology,  physiology,  ecology,  and  genetics  not 
previously  pursued  or  appreciated  by  entomologists. 

There  have  been  several  good  reviews  published  on  the  development 
of  resistance  (1,  2,  10,  15).  The  most  recent  one  by  R.  L.  Metcalf  of 
California  (14)  is  exceptionally  good  and  should  be  read  by  any  one 
interested  in  the  many  ramifications  of  this  subject.  Our  hope  in  pre- 
paring this  paper  is  simply  to  point  up  the  present  position  of  insect 
resistance,  and  to  present  for  your  consideration  some  of  the  still  unsolved 
problems  relating  to  it. 

Considering  the  suddenness  with  which  the  problem  of  insect  re- 
sistance has  so  recently  developed,  there  is  a  surprising  number  of 
proven  instances  of  resistance  (at  least  25)  and  about  as  many  others 
suspected.  Table  1  summarizes  the  present  situation.  Regretfully  ento- 
mologists originally  displayed  only  token  interest  and  some  doubt  about 
the  early  observations  of  Melander  in  1914  (13)  on  San  Jose  scale  re- 
sistance to  lime-sulfur  sprays,  and  those  of  Quayle  (17)  concerning 
California  red  scale  resistance  to  hydrogen  cyanide.  These  instances  and 
the  subsequent  codling  moth  "resistance"  to  lead  arsenate  were  of  course 
isolated  occurrences,  and  lack  of  greater  research  interest  at  that  time 
in  the  genetical-physiological  field  involved  is  perhaps  understandable. 
It  remained  for  the  wonder  chemical  DDT  and  its  supposedly  most  easily 
subdued  adversary,  the  housefly,  to  awaken  us  to  the  problem  and 
stimulate  the  research  which  is  now  under  way.  The  list  of  resistant 
species  is  growing.  Four  reports  were  made  last  year,  including  that 
of  an  apple  leafhopper,  Erythronura  lawsoniana  Baker,  by  our  section 
chairman  D.  W.  Hamilton  (11).  Fortunately  the  total  is  still  well  below 
1%  of  our  economically  important  pests,  but  even  so  this  minority  is 
causing  a  reevaluation  of  our  long  range  plans  for  the  chemical  control 
of  insects. 

There  is  still  scattered  doubt  in  the  minds  of  some  as  to  the  origin 
of  group  resistance  as  we  know  it  today.  The  current  interest  in  muta- 
tions brought  about  by  exposure  to  an  unusual  agent  is  of  course  a 
natural  consideration.  However,  there  seems  to  be  no  reason,  in  fact 
no  precedent,  for  believing  that  an  organism  would  develop  a  mutant 
protecting  it  from  the  very  chemical  causative  agent  itself.  If  DDT,  for 
example,  were  to  act  as  a  mutagenic  agent,  it  would  be  more  apt  one 
time  to  cause  some  morphological  change  like  curly  hairs  and  another 
time  twisted  wings.    As  Dobzhansky  (9)  has  pointed  out,  the  origin  of 
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variation  is  a  problem  entirely  separate  from  that  of  the  action  of 
selection.  It  is  a  matter  then  of  distinguishing  between  cause  and 
resulting  development  of  a  selected  strain.  The  generally  accepted  belief 
today  is  that  exposure  to  insecticides  results  in  a  natural  selection  of 
already  occurring  individuals  possessing  some  form  of  protective  device. 
As  will  be  mentioned  later,  this  device  is  essentially  physiological.  The 
classic  indication  of  natural  selection  is  that  of  the  housefly  which 
simultaneously  displayed  DDT-resistance  in  various  areas  of  the  world, 
and  under  diverse  conditions  ranging  from  remote  farms  to  food  prepara- 
tion rooms  in  city  hotels  where  the  flies  breed  the  year  around.  A 
strong  evidence  that  naturally  resistant  insects  can  occur  sometimes 
even  as  a  large  percentage  of  a  strain  may  possibly  be  found  in  the  case 
of  DDT-resistant  Korean  body  lice.  This  is  based  on  the  still  problemat- 
ical contention  that  lice  in  the  area  had  not  been  previously  exposed 
to  DDT. 

The  fact  that  there  are  degrees  of  resistance,  both  to  single 
insecticides  and  to  groups  of  insecticides,  has  led  to  considerable  specu- 
lation as  to  initial  cause  of  differences,  rates  of  development,  and  subse- 
quent inheritance.  Busvine  (6)  relates  the  rate  of  development  to: 
frequency  of  occurrence  of  resistant  genes  in  a  population,  intensity  of 
selection,  and  number  of  generations  per  year.  Apparently  the  geograph- 
ical distribution  of  genes  relating  to  resistance  can  vary  greatly  even 
in  small  areas.  Geneticists  and  entomologists  alike  have  been  caught 
short  on  their  knowledge  of  insect  inheritance  (except  for  Drosophila 
which  unfortunately  does  not  display  the  "usual"  manifestations  of 
resistance  to  DDT).  The  problem  has  been  further  complicated  by  a 
lack  of  uniformity  in  measuring  and  reporting  results.  Much  good  work 
is  now  underway,  however,  and  several  indications  are  apparent  from  it. 
Knockdown  response  to  DDT  in  the  case  of  the  housefly  has  been  shown 
to  be  quite  independent  of  the  degree  of  resistance  to  lethal  doses  of  a 
toxicant.  Harrison  (12)  has  shown  that  the  resistance  to  knockdown  is 
controlled  by  a  simple  Mendelian  inheritance  involving  a  single  pair  of 
allelomorphs;  the  susceptible  strain  is  dominant.  The  problem  of  the 
inheritance  of  resistance  to  death  is  another  situation.  Various  re- 
searchers (3,  16)  have  noted  evidence  that  female  parentage  has  more 
influence  than  the  male,  but  this  effect  does  not  appear  to  be  a  case  of 
sex-linkage.  Bruce  (5)  still  holds  that  there  are  factors,  other  than  a 
single  gene  for  dominance,  which  control  the  levels  of  resistance  within 
individuals  of  a  population.  This  point  may  lend  possible  explanation  to 
the  female  influence.  There  is  increasing  evidence  that  housefly  re- 
sistance, with  its  various  manifestations,  is  governed  by  a  number  of 
genes.  At  best  it  can  be  said  the  problem  is  one  of  complex  polygenic 
inheritance;  this  must  be  especially  true  in  some  instances  of  multiple 
resistance.  The  genetics  of  resistance  is  an  area  far  from  completely 
understood. 

In  our  consideration  of  the  future  use  of  insecticides,  we  are  espe- 
cially interested  in  the  possibility  of  reversion  back  to  normal  when  the 
selective  agent  is  removed  from  a  population.  The  answer  here  is  not 
really  known.    In  the  case  of  the  California  red  scale,  there  has  been 
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no  evidence  of  reversions  after  the  discontinuance  of  fumigation.  A 
similar  situation  is  present  in  the  case  of  tartar  emetic-resistant  citrus 
thrips  and  the  arsenic-resistant  blue  tick.  In  the  laboratory,  most  strains 
of  houseflies  have  tended  to  regain  susceptibility.  The  degree  of  reversion 
however  has  varied  greatly.  One  Illinois  resistant  strain  seems  fixed 
unless  it  is  outbred  with  susceptible  flies  (8).  Some  multi-resistant 
strains  have  shown  a  insusceptibility  to  one  insecticide,  but  not  to 
another.  Although  Crow  (7)  has  stated  that  reversion  in  any  resistant 
strain  is  certain  to  occur  eventually  since  genes  for  insecticide  resistance 
must  be  detrimental,  this  seems  rather  difficult  to  support  since  the 
recent  selecting  agents  have  never  before  been  present.  There  is  actually 
some  indication  that  increased  species  vigor  accompanies  resistance. 

Irrespective  of  whether  or  not  reversion  is  probable,  we  have  to  face 
the  reality  that  insecticides  prone  to  cause  resistant  strains  must  be 
abandoned,  greatly  restricted  in  use,  or  methods  must  be  found  to  over- 
come the  specific  resistance  which  they  produce. 

The  prospect  of  new  chemical  types  of  insecticides  in  the  near 
future  is  not  encouraging.  The  last  twelve  years  have  been  characterized 
by  extensive  investigations  that  have  produced  numerous  good  insecti- 
cides within  a  few  groups.  We  cannot  expect  the  same  successful  pace 
to  continue  especially  since  it  is  new  chemical  groups  which  are  most 
needed. 

Fortunately  there  seems  to  be  sufficient  latitude  in  cross  tolerance, 
at  least  in  the  case  of  resistant  houseflies,  to  allow  continued  chemical 
control.  Metcalf  (14)  has  provided  a  table  showing  a  logical  grouping 
of  chemical  forms : 

I.    DDT  and  its  relatives 
II.    Lindane,  chlordane,  aldrin,  dieldrin,  toxaphene 

III.  Nitroparaffins 

IV.  Organic  phosphates 
V.     Pyrethroids 

VI.  Organic  thiocyanates 
Generally  speaking,  resistant  adaptations  fall  within  groups,  although 
exceptions  of  varying  degrees  of  intensity  certainly  do  exist.  Of  these, 
the  chlorinated  hydrocarbons  have  been  the  principal  selecting  agents 
for  insect  resistance.  Resistance  to  the  organic  phosphates  (among 
insects,  not  mites)  has  been  slow  in  development  and  low  in  intensity. 
The  pyrethrins  have  long  been  in  use  and  remain  essentially  the  same 
in  their  effect  on  insects.  From  the  grouping  of  organic  insecticides 
above  we  must  choose  our  insecticides.  Entomologists  in  this  state  and 
others  have  long  advocated  programs  against  resistant  flies  consisting 
of  using  insecticides  from  one  group  for  one  control  period,  and  switching 
to  a  chemical  of  another  group  during  a  successive  period.  Combining 
insecticides  from  different  groups  has  generally  been  frowned  upon  for 
fear  of  establishing  extreme  multiple  resistance.  Metcalf,  however,  sug- 
gests that  a  corollary  may  exist  between  the  successful  use  of  mixtures 
of  antibiotics  and  the  application  of  combinations  of  insecticides  properly 
chosen  from  the  classification  list  given  above.  Except  for  the  possible 
omission  of  combinations  from  groups  I  and  II,  this  proposal  may  have 
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real  merit,  especially  if  resistance  to  different  chemicals  is  proven  to  be 
physiologically  and  genetically  independent  and  uncorrelated. 

These  observations  point  up  a  need  for  independent  research  at 
various  institutions  in  different  parts  of  the  country.  Resistance,  irre- 
spective of  the  insect,  is  quite  a  singular  phenomenon,  with  strains  of 
insects  demonstrating  different  intensities  of  a  particular  resistance  and 
various  types  of  multiple  resistance.  Only  by  alert  realization  of  indi- 
vidual problems,  and  therefore  individual  needs  within  states,  can  we 
expect  to  handle  the  resistance  problem  in  stride.  What  may  be  the 
solution  in  Missouri,  for  example,  may  not  be  applicable  to  Indiana. 
What  is  disturbing  is  the  fact  that  resistance  cuts  across  several  areas 
of  concern  in  economic  entomology,  namely  fruit  production,  vegetable 
growing,  public  health,  and  household  pests.  Such  a  situation  further 
justifies  specific  investigational  work. 

This  suggestion  does  not  imply  that  a  detailed  toxicological 
program  need  be  set  up  everywhere.  In  the  midwest,  for  example, 
outstanding  work  is  being  done  by  Reams'  group  at  Illinois,  where 
Sternburg  (18)  recently  reported  the  discovery  of  DDT-dehydrochlorinase 
as  a  primary  protective  device  in  DDT  resistant  flies.  Further  research 
is  being  pursued  in  a  search  for  other  causes  of  metabolism,  site  of 
action,  and  synergists.  With  respect  to  the  latter,  several  materials  are 
known  which  apparently  retard  the  normal  detoxification  mechanism  of 
DDT.  None  of  the  synergists  to  date  have  practical  use  in  the  field,  but 
research  may  yet  reveal  one,  or  at  least  in  the  study,  find  insecticidal 
properties  not  subject  to  detoxification.  The  implication  made  above 
with  respect  to  state  institutions  and  federal  stations,  however,  is  that 
all  of  them  need  to  pursue  a  "watch  dog  policy"  on  resistance.  Every 
actual  and  suspected  case  of  resistance  which  arises — if  it  is  of  any 
economic  importance — should  be  laboratory  tested  to  learn  the  scope  of 
the  particular  resistance,  and  to  determine  then  the  best  chemical  or 
other  controls  to  employ. 

Besides  an  appreciation  of  the  complexity  of  the  resistance  problem, 
we  would  like  to  leave  the  thought  that  resistance  is  more  challenging 
than  insurmountable.  A  program  that  brings  together  the  findings  of 
the  field  men  with  the  basic  research  of  physiologist,  toxicologist,  and 
geneticist  is  the  directive  force  towards  resolving  this  problem. 

TABLE  li    SUMMARY  OF  INSECT  RESISTANCE 


Insect 

Insecticide 

Yea?'  Reported 

San  Jose  Scale 

Lime  sulfur 

1913 

California  red  scale 

Hydrogen  cyanide 

1916 

Black  scale 

Hydrogen  cyanide 

1916 

Citricola  scale 

Hydrogen  cyanide 

1925 

Grape  leafhoppers 

Erythroneura  elegantula 

DDT 

1953 

E.  variabilis 

DDT 

1954 

1.    Modified  from  Metcalf,  R.  L.    1955  (14). 
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TABLE  1.  (Continued) 


Insect 

Insecticide 

Year  Reported 

Apple  leaf  hopper 

E.  lawsoniana, 

DDT 

1954 

Walnut  aphid 

Parathion 

1954 

Bed  Bug 

DDT 

1948 

Citrus  thrips 

Tartar  emetic 

1942 

Human  body  louse 

DDT 

1952 

German  cockroach 

Chlordane 

Lindane 

DDT 

1953 

Codling  moth 

Lead  arsenate 

1928 

DDT 

1954 

Imported  cabbage  worm 

DDT 
DDD 
MDDT 

1952 

Diamond  back  moth 

DDT 

1953 

House  fly 

DDT 

1947 

Chlordane 

1951 

BHC 

1949 

Dieldrin 

1949 

Pest  mosquitoes 

Culex  pipiens 

DDT 

1948 

Culex  tarsalis 

Chlordane 

1949 

Aedes  nigromaculis 

DDT 

Aldrin,  dieldrin 
Heptachlor 

1949 

Malaria  mosquito 

DDT 

1952 

Salt  marsh  mosquitoes 

Aedes  sollicitans 

DDT,  DDD 

1950 

Aedes  taeniorhynchus 

DDT,  DDD 

1950 

Filter  fly  (4) 

Psychoda  alternata 

DDT 

1950 

Blue  tick 

Sodium  arsenite 

1940 

BHC 

1948 

Cattle  tick 

BHC 
DDT 

Chlordane 

1953 

Dieldrin 

Toxaphene 

Arsenic  trioxide 

European  red  mite 

Parathion 

1952 

Two-spotted  spider  mite 

Parathion 

1950 

Sodium  selanite 

Highly  suspected  to  DDT :   Colorado   potato  beetle,    lygus   bugs,   potato  flea 
beetle,  potato  aphid,  green  peach  aphid,  and  dog  fleas. 
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Residual  Versus  Non-residual  Insecticides 
to  Control  Leafhoppers  on  Alfalfa 

M.  Curtis  Wilson  and  Merrill  L.  Cleveland, 
Purdue  University  Agricultural  Experiment  Station 

The  potato  leafhopper,  Empoasca  fabae  Harris,  is  recognized  as  one 
of  the  most  important  insect  pests  damaging  alfalfa.  Following  World 
War  II  when  DDT  was  released  for  use,  investigators  studied  the  use  of 
this  material  as  an  insect  toxicant  on  many  crops.  Poos  (1)  found  it 
to  be  effective  against  the  potato  leafhopper.  In  1948  studies  were 
initiated  at  the  Purdue  University  Agricultural  Experiment  Station  to 
evaluate  new  insecticides  for  the  control  of  injurious  insects  of  alfalfa. 
Wilson  (2),  and  Wilson  and  Davis  (3)  (4),  showed  that  several  insecticides 
were  effective  toxicants  for  controlling  leafhoppers  on  alfalfa. 

At  comparable  dosages,  no  material  has  been  found  to  be  superior 
to  DDT  for  controlling  the  potato  leafhopper.  However,  because  of 
contaminating  residues  left  on  the  crop  by  DDT,  the  use  of  the  insecticide 
has  limitations.  Since  it  was  found  that  effective  control  could  be 
obtained  with  methoxychlor  and  since  the  material  was  regarded  as  safe 
for  use,  it  has  been  recommended  for  the  control  of  leafhoppers  in 
pastures  and  in  hay  crops. 

In  1953,  1954,  and  1955,  studies  were  continued  to  compare  some  of 
the  newer  materials  with  methoxychlor.  Table  1  compares  methoxychlor 
at  dosage  rates  of  1,  0.5,  and  0.25  pounds  per  acre  with  1  pound  of 
malathion  and  2  pounds  of  strobane.  Strobane  was  dropped  from  the 
1954  tests,  but  malathion,  because  it  had  shown  a  high  initial  kill, 
though  low  residual  effect,  and  was  also  a  superior  aphicide,  was  tested 
quite  extensively  along  with  perthane.  Materials  and  dosages  tested 
are  shown  in  table  2. 

Two  tests  were  designed,  one  applied  before  peak  hatch  of  leaf- 
hopper nymphs  and  the  other  applied  a  week  later  after  the  peak  hatch. 
The  same  treatments  were  applied  in  both  tests.  Both  tests  were  applied 
to  third  growth  alfalfa  at  Culver,  Indiana.  Test  1,  applied  before  peak 
hatch  was  applied  to  three  replicates,  each  consisting  of  a  strip  of  alfalfa 
40  feet  wide  surrounded  by  corn.  Each  strip  was  divided  into  plots 
40  x  40  feet  for  11  treatments.  Test  2  was  applied  in  the  same  manner 
with  the  exception  that  replicates  were  not  separated  by  corn. 

Because  of  the  difference  in  the  time  of  application  of  materials 
in  the  two  tests,  data  could  not  be  combined  for  analysis.  In  Test  2 
where  treatments  were  applied  at  peak  of  hatch,  leafhoppers  were 
controlled  with  all  dosages  of  malathion,  methoxychlor,  and  perthane 
used,  without  a  rebuilding  of  the  insect  population.  However,  Test  1 
shows  the  importance  of  a  residual  insecticide  in  leafhopper  control. 
Although  malathion  is  a  highly  effective  leafhopper  toxicant,  it  has 
little  residual  effect.  In  this  test,  the  material  being  applied  before 
peak  hatch  was  not  effective  against  the  large  number  rff  eggs  which 
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hatched  later.  The  development  of  leafhopper  populations  is  shown  in 
Figure  1,  while  table  2  compares  the  effect  of  sprays  applied  before  peak 
hatch  with  those  applied  at  peak  hatch. 

Preliminary  field  tests  with  Compound  528  (a  dithiophosphate  of 
dioxane),  an  experimental  material  developed  by  the  Hercules  Powder 
Company  primarily  as  a  miticide,  indicated  high  residual  toxicity  to 
leafhoppers  on  alfalfa  in  1955.  The  material  was  used  not  only  by  itselfr 
but  in  combination  with  methoxychlor.  There  was  a  trend  in  all  plots 
for  per  acre  dosages  of  %  pound  of  methoxychlor,  %  or  XA  pound  of 
Compound  528  to  be  superior  when  used  separately  to  combinations  of 
the  two  materials.    Data  are  shown  in  table  3. 

Summary  and  Conclusions 

Tests  show  methoxychlor,  malathion,  and  perthane  at  comparable 
dosages  to  be  equally  effective  toxicants  for  initial  kill  of  the  potato 
leafhopper  on  alfalfa.  However,  data  show  that  the  residual  effect  of 
methoxychlor  is  superior  to  perthane,  while  there  is  practically  no 
residual  effect  obtained  from  malathion.  For  this  reason,  effective  con- 
trol with  malathion  is  dependent  upon  careful  timing  of  the  spray  so 
that  it  is  applied  at  the  time  of  peak  hatch  of  the  leafhopper  nymphs. 

Preliminary  tests  with  Compound  528  indicate  a  residual  effect 
comparable  to  methoxychlor  against  the  potato  leafhopper. 
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Table  1.    Comparison  of  the  Residual  Effect  of  Insecticides 
Two  Weeks  After  Treatment,  Culver,  Indiana,  1953. 


Insects  '. 

Per  Ten  Sweeps 

Pounds 

Leafhoppers 

Pea 

Treatment 

Per  Acre 

Adults 

Nymphs 

Aphidsi 

1. 

Untreated 

13.6 

16.6 

11.4 

2. 

Methoxychlor 

1.00 

5.6 

3.7 

10.0 

3. 

Methoxychlor 

0.50 

5.5 

5.2 

17.3 

4. 

Methoxychlor 

0.25 

7.3 

6.6 

12.2 

5. 

Strobane 

2.00 

7.1 

9.4 

9.8 

6. 

Malathion 

1.00 

5.3 

10.7 

2.8 

L.S.D.  5%  Level 

3.0 

4.7 

5.2 

1%  Level 

4.1 

6.4 

7.0 

1.    M acrosiph u m  pisi  (Kltb.  )• 


Table  2.    The  Effect  of  Spray  Applications  on  Alfalfa  to  Control  the 

Potato  Leaf  hopper  Two  and  Three  Weeks  after  Treatment, 

Culver,  Indiana,  1954. 


Insecticide 

Pounds 
Per  Acre 

Leafhoppers  Per  10  Sweeps 
Treatment  Applied    Treatment  Applied 
Before  Peak  Hatch     After  Peak  Hatch 
2  Weeks     3  Weeks   2  Weeks     3  Weeks 

1. 

Untreated 

90.0 

52.0 

72.0 

60.0 

2. 

Malathion 

1.00 

60.0 

80.0 

25.0 

45.0 

3. 

Malathion 

0.75 

90.0 

110.0 

20.0 

30.0 

4. 

Malathion 

0.66 

120.0 

120.0 

24.0 

40.0 

5. 

Malathion 

0.50 

120.0 

130.0 

21.0 

30.0 

6. 

Malathion 

0.33 

110.0 

130.0 

25.0 

32.0 

7. 

Malathion 

0.25 

90.0 

120.0 

32.0 

24.0 

8. 

Methoxychlor 

1.00 

6.0 

9.0 

7.0 

6.0 

9. 

Methoxychlor 

0.50 

11.0 

14.0 

7.0 

12.0 

10. 

Perthane 

1.00 

14.0 

27.0 

12.0 

15.0 

11. 

Perthane 

0.50 

33.0 

57.0 

13.0 

27.0 
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Table  3.    Comparison  of  Leafhopper  Populations  on  Treated  Plots 

With  Untreated  Plots  Following  Treatment, 

Culver,  Indiana,  1955. 


Pounds 

Leafhoppers  Per  Ten 

Sweeps 

Treatment 

Per  Acre 

72  Hours 

1  Week 

4  Weeks 

1. 

Untreated 

21.7 

12.5 

57.7 

2. 

Methoxychlor 

0.50 

1.1 

5.0 

7.0 

3. 

Methoxychlor 

0.25 

3.6 

9.2 

19.2 

4. 

Methoxychlor 

0.25 

Malathion 

0.25 

0.9 

6.7 

7.5 

5. 

Methoxychlor 

0.50 

Compound  5281 

0.50 

1.0 

7.2 

13.5 

6. 

Methoxychlor 

0.25 

Compound  528 

0.50 

8.8 

12.5 

16.5 

7. 

Methoxychlor 

0.25 

Compound  528 

0.25 

6.2 

8.7 

11.7 

8. 

Compound  528 

0.50 

0.7 

3.7 

5.2 

9. 

Compound  528 

0.25 

0.8 

5.7 

9.0 

L.S.D.  5% 

5.9 

4.7 

15.9 

1% 

7.9 

6.4 

21.5 

1.    Hercules   Powder   Company   Experimental    Material,    a    dithiophosphate    of 
dioxane. 
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Phyllophaga  Collected  at  Light  Traps  in  Indiana 
(Scarabaeidae,  Coleoptera) 

Leland  Chandler,  Purdue  University;  J.  G.  Taylor,  U.  S.  Dept. 
Agriculture  and  H.  0.  Deay,  Purdue  University1 

Introduction 

Records  of  the  May  beetles  (Phyllophaga)  collected  at  light  traps  in 
Indiana  were  kept  for  1951,  1952,  1954  and  1955.  In  1951  two  series  of 
traps  using  various  colored  lamps  were  operated  in  vegetable  gardens 
in  Marion  Co.  In  1952  six  different  lamps  were  operated  in  a  field  of 
Mammoth  clover  in  Tippecanoe  Co.  (G)2.  In  1954  a  single  trap  equipped 
with  a  15-watt  360  BL  lamp  was  operated  in  each  of  the  following 
counties:  Jefferson  (A),  LaPorte,  Lawrence,  Posey  and  Tippecanoe  (D), 
In  addition  a  single  trap  equipped  with  a  75-watt  incandescent  lamp  and 
a  series  of  traps  each  equipped  with  15-watt  360  BL  lamps  and  placed  at 
different  heights  were  operated  in  Tippecanoe  County  (D).  All  of  the 
traps  in  1954  were  located  in  farm  yards  at  some  distance  from  crops. 
In  1955  the  same  traps  were  operated  in  the*  same  locations  in  Jefferson 
(A),  Lawrence  and  Tippecanoe  Counties  (D).  In  addition  two  traps  each 
equipped  with  a  15-watt  360  BL  lamp  were  operated  in  a  tobacco  field 
at  Wirt  (Jefferson  Co.)  (B),  a  trap  equipped  with  400-watt  mercury  vapor 
lamp  in  a  tobacco  field  near  Madison  (Jefferson  Co.)  (C),  and  a  trap 
equipped  with  two  30-watt  360  BL  lamps  in  a  tobacco  field  on  the 
Andrews'  farm  (Jefferson  Co.)  (A).  Also  a  few  collection  were  made  at 
a  trap  lighted  with  a  400-watt  mercury  vapor  lamp  which  was  placed  in 
a  corn  field  in  St.  Joseph  County  and  at  some  traps  operated  in  August 
and  September  in  a  corn  field  in  Tippecanoe  County  (E,  F). 

In  most  seasons  the  traps  were  not  operated  until  after  the  main 
flight  of  May  beetles  was  over  and  in  no  season  were  they  in  operation 
at  the  time  of  the  earliest  flight.  In  1951  the  traps  were  installed  on  May 

1.  The  authors  wish  to  acknowledge  the  following-  persons  for  their 
contributions  toward  making-  this  paper  possible:  Dr.  Milton  W.  Sanderson, 
Illinois  Natural  History  Survey  and  Prof.  J.  J.  Davis,  Department  of  En- 
tomology, Purdue  University,  for  determining  large  series  of  Phyllophaga 
reported  herein;  Dr.  G.  E.  Marshall  (Lawrence  Co.),  Mr.  Stanley  Andrews 
(Jefferson  Co.),  Miss  Carolyn  Upshaw  (Posey  County)  and  Mr.  Kenneth 
Freyer  (LaPorte  Co.)  for  collecting  daily  the  insects  caught  the  preceding 
nights  and  for  caring  for  such  collections  and  the  traps  for  the  entire 
trapping  period. 

2.  The  letters  (A  through  G)  are  used  to  designate  the  various  sites 
in  Jefferson  and  Tippecanoe  counties  where  traps  were  operated  at  several 
locations.   These  are  as  follows: 

A — The  Andrew's  Farm;  Jefferson  Co. 

B — The  Harrell  Farm;  Wirt,  Indiana,  Jefferson  Co. 

C — The  Davis  Farm;  Madison,  Indiana,  Jefferson  Co. 

D — The  Purdue  Electric  Farm ;  Tippecanoe  Co. 

E — Corn  fields  along  South  River  Road;  Lafayette,  Indiana,  Tippecanoe 

Co. 
F — Experimental  traps  on  the  property  of  Mr.  J.  G.  Taylor;  Tippecanoe 

Co. 
(3 — The  Kirker  Farm;  Tippecanoe  Co. 
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17,  in  1952  on  June  10,  in  1954  the  earliest  were  installed  on  April  10 
and  in  1955  on  April  19.  The  traps  in  the  various  localities  in  1954  and 
1955  were  not  all  installed  on  the  same  date. 

Thirteen  types  of  lamps  were  used  in  the  experiments.  Besides  a 
frosted  incandescent,  mercury  vapor  and  a  heat  lamp  which  gave  out  no 
visible  radiation,  the  following-  ten  kinds  were  used:3  germicidal  (2537- 
5780,  2537),  erythemal  (max.  output  at  3250),  360  BL  (3100-4400,  3500), 
blue  fluorescent  (3200-7500,  4400),  daylight  fluorescent  (3000-7800, 
5700),  Lumiline  (3700-30,000  plus,  10,000),  green  fluorescent  (4500-6500, 
5300),  gold  fluorescent  (5100-7600,  5900),  pink  fluorescent  (5400-8000 
plus,  6100),  and  red  fluorescent  (5800-8000  plus,  6400).  All  of  the  lamps 
but  the  green,  gold,  pink,  red  and  the  heat  lamp  gave  off  at  least  part 
of  their  energy  in  the  ultra  violet  region  of  the  spectrum. 

Comparative  Attractiveness  of  Colored  Lights 

In  1951,  two  series  of  like  traps  but  utilizing  bulbs  of  different  colors 
were  maintained  in  vegetable  gardens  in  Marion  County.  These  collection 
data  are  summarized  in  Tables  1  and  2. 

TABLE   1.    Comparative  Attractiveness  of  Different  Colored  Lights. 
(Hafer  Bros.,  Marion  Co.,  1951). 

Germi-  Erythe-  Lumi- 

Species  cidal        mal     360-BL      Blue        line        Gold         Red 

P.  hirticula 
P.  crenulata^ 
P.  futilis 
P.  fervida 
P.  bipartita 
P.  rugosa 
Totals 
a.  Individuals  not  recorded  according  to  sex  and  not  included  in  total* 


F 

2 

6 

10 

5 

2 

M 

2 

9 

10 

5 

4 

F 

M 

4 

6 

13 

10 

5 

F 

1 

0 

5 

4 

1 

1 

1 

M 

7 

10 

20 

10 

13 

6 

0 

F 

0 

3 

2 

3 

M 

3 

2 

2 

1 

F 

7 

24 

45 

40 

8 

2 

M 
F 

0 

19 
0 

32 

18 

4 

3 

M 

1 

F 

10 

33 

60 

51 

14 

1 

3 

M 

12 

41 

62 

35 

22 

6 

3 

3.    The  range  of  the  spectral  distributions  and  the  region   of  maximum 
output  in  Angstroms  is  placed  in  parentheses  after  each  lamp. 
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TABLE  2.    Comparative  Attractiveness  of  Different  Colored   Lights. 
(Meyers',  Marion  Co.,  1951) 

Germi-  Erythe- 
Species  cidal        mal     360-BL      Blue      Green       Pink       Heat 

P.  hirticula 

P.  Uicis 

P.  crenulataP 

P.  futilis 

P.  fervida 

P.  bipartite 


F 

2 

13 

4 

3 

0 

M 

7 

13 

7 

8 

2 

F 

0 

M 

1 

F 
M 

18 

4 

11 

20 

2 

4 

F 

2 

5 

2 

2 

2 

4 

M 

20 

8 

11 

10 

8 

8 

F 

4 

5 

1 

1 

5 

1 

M 

2 

1 

3 

0 

1 

3 

F 

27 

18 

36 

36 

16 

20 

M 

16 

14 

18 

24 

13 

8 

Totals 


F  35  41  43  42  23  25  0 

M  45  37  39  42  22  21  0 

b.  Individuals  not  recorded  according-  to  sex  and  not  included  in  totals. 

In  1952,  a  series  of  six  traps  using  six  different  colored  fluorescent 
lamps  were  maintained  from  June  10  to  16,  both  dates  inclusive,  over- 
looking a  field  of  mammoth  clover  in  Tippecanoe  County.  Table  3 
summarizes  these  collection  data. 

TABLE  3.    Summary  of  Species  and  Individuals  Taken  in  Light  Traps 
With  Variously-colored  Bulbs.  (Tippecanoe  Co.   (G),  June  10-16,  1952.) 

Erythe- 
Species  mal     360-BL.     Blue      Green      Pink     White    Totals 

P.  hirticula 

P.  Uicis 

P.  crenulata 

P.  futilis 

P.  fervida 

P.  rugosa 

P.  drakii 

T    "7  F  4~  ~10  4  2  4  8  32" 

M  33  48  32  20         43  39        215 


F 

1 

3 

3 

0 

3 

5 

5 

M 

17 

19 

18 

12 

23 

23 

112 

F 

0 

0 

0 

0 

0 

0 

M 

2 

1 

3 

1 

4 

11 

F 

1 

0 

0 

0 

0 

0 

1 

M 

1 

5 

3 

2 

2 

1 

14 

F 

0 

0 

0 

0 

0 

0 

M 

2 

1 

1 

3 

1 

8 

F 

1 

1 

2 

M 

0 

0 

0 

F 

1 

7 

1 

1 

1 

3 

14 

M 
F 

11 

22 
0 

7 

5 

14 

10 

69 
0 

M 

1 

1 
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For  the  past  two  years   (1954-55)   two  traps  have  been  operated  at 
the  Purdue  Electric  Farm,  Tippecanoe  County.    One  trap  utilizes  a  75-W 
incandescent  bulb  while  the   other  is  fitted  with  a  360-BL  fluorescent 
light.  A  summary  of  these  results  is  given  in  Table  5. 

TABLE   4.    Summary   of   Species   and   Individuals  Taken   in   High-Low 
Light  Traps.    (Tippecanoe  Co.  (G),  June  17-23,  1952.) 


Species 


High 


Low 


Totals 


P.  hirticula 
P.  ilicis 
P.  crenulata 
P.  prunina 
P.  futilis 
P.  rugosa 


F 

1 

3 

4 

M 

8 

13 

21 

F 

0 

0 

0 

M 

3 

2 

5 

F 

0 

0 

M 

4 

4 

F 

0 

0 

M 

1 

1 

F 

0 

0 

0 

M 

1 

2 

3 

F 

1 

1 

2 

M 

0 

4 

4 

Totals 


2 
12 


4 

26 


6 

38 


TABLE  5.    Comparison  of  Species  and  Individuals  Taken  at  Two  Light 

Traps  in  1954  and  1955,  One  with  a  360-BL  Fluorescent  Bulb  and  One 

With  a  75-W  Incandescent  Bulb.    (Purdue  Electric  Farm,  D). 


1954 

1955 

Species 

360-BL 

75  W 

Totals 

360-BL 

75  W 

Totals 

P.  hirticula 

F 
M 

40 
29 

20 
16 

60 

45 

11 
19 

6 
16 

17 
35 

P.  crenulata 

F 

M 

0 
0 

0 

1 

0 
1 

P.  implicita 

F 
M 

0 
3 

0 
3 

5 
5 

5 
2 

10 

7 

P.  inersa 

F 

M 

0 
0 

0 

2 

0 

2 

0 
4 

P.  vehemens 

F 
M 

0 
3 

0 
3 

0 
0 

P.  futilis 

F 

M 

7 
90 

5 
190 

12 
280 

3 
31 

4 
24 

7 
55 

P.  fervida 

F 
M 

1 

10 

4 
1 

5 
11 

2 

12 

1 

7 

3 
19 

P.  fusca 

F 

M 

9 
25 

13 

46 

22 
71 

0 

0 

P.  bipartita 

F 

M 

8 
1 

2 
0 

10 
1 

0 

1 

0 

1 

Totals 

F 

65 

44 

109 

21 

16 

37 

M 

158 

256 

414 

71 

51 

126 
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Height  and  Direction  of  Flight 

From  June  17  to  23,  1952,  four  traps  were  maintained  at  the  Kirker 
field,  all  traps  having  360-BL  fluorescent  bulbs.  Two  of  the  traps  were 
placed  approximately  four  feet  from  the  ground  (designated  as  high) 
and  two  were  placed  two  feet  from  the  ground  (designated  as  low).  The 
traps  were  alternated  daily  between  the  four  and  two-feet  levels.  Table 
5  summarizes  these  results. 

From  June  10  to  23,  1954,  twelve  traps  were  maintained  at  the  Purdue 
Electric  Farm,  all  traps  having  360-BL  fluorescent  bulbs.  Four  traps  were 
placed  on  each  of  three  sides  of  the  "barn  lot"  so  that  traps  faced  east, 
north  and  west.  In  addition  to  the  direction  of  facing  the  traps  were 
affixed  at  four  and  twelve  feet  positions  as  follows:  one  pole  with  a  trap 
at  four  feet  (designated  as  4);  one  pole  with  a  trap  at  twelve  feet 
(designated  as  12);  one  pole  with  two  traps,  one  at  four  feet  (designated 
as  4A),  and  one  at  twelve  feet  (designated  as  12A).  The  positions  of  the 
poles  with  attached  traps  were  made  at  random  on  each  of  the  three 
sides.  In  analyzing  the  effectiveness  of  the  traps  used  in  combination, 
the  symbol  12/4  designates  traps  on  the  same  pole  and  the  symbol  4-12 
designates  the  traps  on  individual  poles.  The  results  are  presented  in 
Tables  6,  7,  8,  9. 

TABLE  6.    Summary  of  Species  and  Individuals  Taken  in  North-Facing 
Light  Traps.    (Purdue  Electric  Farm   (D),  June  10-23,  1954) 

Height 
Species 

P.  hirticula 
P.  crenulata 
P.  tristis 
P.  implicita 
P.  futilis 
P.  fervida 
P.  fusca 
P.  bipartita 
Totals 


4A 

12A 

4 

12 

Totals 

F 

32 

6 

30 

11 

79 

M 

12 

5 

18 

5 

40 

F 

0 

0 

M 

1 

1 

F 

1 

1 

M 

0 

0 

F 

6 

6 

M 

1 

1 

F 

6 

1 

2 

1 

10 

M 

6 

0 

22 

7 

35 

F 

3 

3 

M 

0 

0 

F 

7 

0 

9 

1 

17 

M 

0 

1 

5 

0 

6 

F 

1 

1 

2 

M 

2 

1 

3 

F 

46 

14 

45 

13 

118 

M 

21 

7 

46 

12 

86 
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TABLE  7.  Summary  of  Species  and  Individuals  Taken  in  East-Facing 
Light  Traps.     (Purdue  Electric  Farm   (D),  June  10-23,   1954.) 

Height 
Species 

P.  hirticula 
P.  futilis 
P.  fusca 
P.  bipartite 
Totals 


4A 

12A 

4 

12 

Totals 

F 

21 

3 

20 

9 

53 

M 

19 

0 

21 

0 

40 

F 

4 

1 

4 

1 

10 

M 

4 

2 

16 

1 

23 

F 

4 

1 

5 

3 

13 

M 

2 

0 

0 

1 

3 

F 

0 

1 

1 

M 

1 

0 

1 

F 

29 

5 

29 

14 

77 

M 

25 

3 

37 

2 

67 

TABLE  8.     Summary  of  Species  and  Individuals  Taken  in  West-Facing 
Traps.    (Purdue  Electric  Farm  (D),  June  10-23,  1954.) 

Height 
Species 

P.  hirticula 
P.  prunina 
P.  balia 
P.  futilis 
P.  fusca 
P.  bipartite 
Totals 


4A 

12A 

4 

12 

Totals 

F 

14 

4 

24 

6 

48 

M 

4 

1 

19 

6 

30 

F 

0 

0 

M 

1 

1 

F 

0 

0 

M 

1 

1 

F 

1 

4 

4 

0 

9 

M 

5 

5 

18 

2 

30 

F 

1 

0 

1 

M 

4 

1 

5 

F 

2 

1 

4 

7 

M 

5 

0 

0 

5 

F 

17 

9 

33 

6 

65 

M 

15 

6 

41 

10 

72 
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TABLE  9.    Summary  of  Species  and  Individuals  Taken  in  Traps  at  4  ft. 

and  12  ft.  Heights  Irrespective  of  Trap  Facing.    (Purdue  Electric  Farm 

(D),  June  10-23,1954.) 


Combination 

Species 
P.  hirticula 

F 

M 

4 

141 

93 

12 
39 

17 

Totals 
180 
110 

12/4 
80 
41 

4-12 

100 

69 

P.  crenulata 

F 
M 

0 

1 

0 

1 

0 

1 

P.  tristis 

F 

1 
0 

1 
0 

1 
0 

P.  prunina 

F 

M 

0 
1 

0 

1 

0 
1 

P.  implicita 

F 

6 
1 

6 

1 

6 

1 

P.  balia 

F 
M 

0 

1 

0 
1 

0 
1 

P.  futilis 

F 

M 

21 
71 

8 
17 

29 
88 

17 
22 

12 

66 

P.  fervida 

F 
M 

3 
0 

3 
0 

3 

0 

P.  fusca 

F 
M 

26 
11 

5 
3 

31 
14 

12 
3 

19 
11 

P.  bipartita 

F 
M 

8 
8 

2 

1 

10 
9 

4 
8 

6 

1 

Totals 

F 

199 

61 

260 

120 

140 

M 

185 

40 

225 

77 

148 

Species  Collected  in  Light  Traps 

In  the  four  years  collecting  22  of  the  39  species  of  Phyllophaga 
known  to  occur  in  the  state  were  taken.  Three  species,  P.  hirticula 
(Knoch),  P.  crenulata  (Froelich)  and  P.  implicita  (Horn)  were  taken  in 
all  seven  counties.  P.  congrua  (Le  Conte)  was  taken  only  in  Posey 
County  and  P.  crassissima  (Blanchard)  only  in  St.  Joseph  County. 

P.  hirticula  (Knoch)  (2190  specimens;  29.2%  females). 

Jefferson  Co.  30/V-11/VII/54  —3$,  17  3  (A):  15/VI-7/VII/55 
—1—1  9,23  (A) :  16/VI-7/VII/55  —  3  9,  1  $  (B).  LaPorte  Co. 
16/V-31/ VII/54  — 76  2 ,  660£ . 

Lawrence  Co.  27/IV-2/VI/54 
63. 


-190$,  430^:  17/V-20/VI/55  —79, 
-78  9,   102  3.    Posey   Co.   24-31/ V/54 


Marion    Co.    19/V-29/VI/51 
—19,  1$. 

St.  Joseph  Co.  1-22/VI/55  —2  9 .  Tippecanoe  Co.  10-16/ VI/52  —19  9 , 
133  3  (G):  29/IV-4/VII/54— 240  9,160  3  (D) :  1/V-28/VI/55  — 17  9 , 
35  3  (D) :  15/ VI-14/VII/55  — 3  9 ,  3  3  (E) . 
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P.  ilicis  (Knoch)   (53  specimens;  11.3%  females). 

Jefferson    Co.    23/VI-12/VII/55    —19,    3  5(A):    16-27/VI/55    —19, 

15(B). 

LaPorte  Co.  l/VII/54  —15.    Lawrence   Co.  30/IV-30/VI/54  —2  9, 

13  5  :  20-29/V/55— 19,  75.  Marion  Co.  28/VI/51  — 15-  Tippecanoe 

Co.   10-16/VI/52  —16  5(G):    17/VI-24/VII/55  —19,   5  5(E). 

P.  crenulata,  (Froelich)   (234  specimens;  3.6%  females).4 

Jefferson  Co.  16/VI-7/VII/55  —7  5  (C) :  20/VI-25/VII/55  —5  5  .  (A) : 
28/VI-14/VII/55  —25(B).  LaPorte  Co.  23/V-13/VII/54  —6$. 
Lawrence  Co.  3/V-30/VI/54  —19,  16  5:  17/V-1/VIII/55  —8  5. 
Marion  Co.  17/V-16/VIII/51  — 124  specimens  (not  sexed).  Posey  Co. 
17/V-5/VII/51  —165.  St.  Joseph  Co.  8/VI-11/VII/55  —  95 .  Tippe- 
canoe Co.  10-16/VI/52  —19,  18  5(G):  18/VI/54  —15(D): 
19/VI/55  —15(D):  5-20/VII/55  —29,  215(E):  16-25/VII/55 
—14  5  (F). 

P.   tristis    (Fabricius)     (18   specimens:    77.7%   females). 

LaPorte  Co.  16/V-8/VI/54  —3  9.  Lawrence  Co.  30/IV-1/V/54 
— 3  9,25  ;  17/V/55— 19.  Marion  Co.  8/VI/51  —  79,  1  5 .  Tippecanoe 
Co.  10/VI/54—  19(D). 

P.  micans  (Knoch)   (2  specimens;  100%  females). 

Lawrence  Co.   12/VI/54  —19.    Marion  Co.  19/V/51  —19. 

P.  prunina  (LeConte)    (10  specimens;  30%  females). 

Lawrence  Co.  30/V-9/VI/54  —3  9,25:  18/VI/55  —15-    St.  Joseph 

Co.  8-22/VI/55  —25.  Tippecanoe  Co.  22/VI/52  —15  (G)  :  21/VI/54 
—15(D). 

P.  crassissima  (Blanchard)    (1  specimen;  100%  females). 
St.  Joseph  Co.  8-22/VI/55  —19.     • 

P.  implicita  (Horn)   (187  specimens;  70%  females). 

Jefferson  Co.  16/VI-7/VII/55  —25  (C).  LaPorte  Co.  30/V-26/VI/54 
—14  9,95.  Lawrence  Co.  6-12/VI/54— 19,95  :  17-29 /V/ 55  —  23  9  , 
18  5.  Marion  Co.  24/V/51  —19.  Posey  Co.  24/V/54  —15-  St. 
Joseph  Co.  1-22/  VI/55  —66  9,65.  Tippecanoe  Co.  7-10/ VI/54  —6  9  , 
45  (D)  :  4/V-20/VI/55  —10  9,  75  (D)  :  15-24/VI/55  —10  9,  35  (E). 

P.  longitarsa  (Say)    (546  specimens;  68.5%  females). 

Jefferson  Co.  20-22/VII/54  —3  9,  215(A).  Posey  Co.  15/VI- 
15/VIII/54— 3719.  1515. 

P.  balia  (Say)    (3  specimens;  33.3%  females). 

Jefferson  Co.  8-14/VII/55  —19  (B).  Lawrence  Co.  18/VII/55  —15, 
Tippecanoe  Co.  15/VI/54  —15(D). 


4.     Percent    of    females    does    not    include    catches    taken    in    Marion    County 
since  these  individuals  were  not  recorded  as  to  sex. 
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P.  ephilida  (Say)    (1503  specimens;  9.9%  females). 

Jefferson  Co.  6/VII-1/IX/54  —9  9,  22  5  (A):  8/VII-25/VIII/55 
—16$,  186  5(A):  89  2,  775  5(B):  13-26/VII/55  —815(C).  Law- 
rence Co.  1/ VII-17/ VIII/54  —  8  $  ,  68  5  :  9/ VII-2/IX/55  —  3  $ ,  181  $ . 
Posey  Co.  4/VII-20/VIII/54  —24$,  40  5.  Tippecanoe  Co.  l/VIII/55 
—15(E). 

P.  inversa  (Horn)   (157  specimens;  5.1%  females). 

Jefferson  Co.  16/VI-7/VII/55  —1$,  8  5(B).  LaPorte  Co.  16/ V- 
24/VI/54  —3$,  123  5.  Lawrence  Co.  7-10/VI/54  —1$,  25:  17- 
21/V/55  — 1$,  15.  St.  Joseph  Co.  8-22/VI/55  —1$,  25.  Tippe- 
canoe Co.  3/V-20/VI/55  —45  (D)  :  15-17/VI/55  —1$,  95  (E). 

P.  congrua   (LeConte)    (20  specimens;  25%  females). 
Posey  Co.  26/IV-29/  V/54  —  5  $  ,  15  5  . 

P.  vehemens  (Horn)    (21  specimens;  4.7%  females). 

Lawrence  Co.  13/V-15/VI/54  —1$,  55-  Posey  Co.  21/IV-30/V/54 
—12  5.  Tippecanoe  Co.  22/ V/54 —3  5  (D). 

P.futilis  (LeConte)   (1029  specimens;  13.7%  females). 

Jefferson  Co.  30/V-14/VI/54  —45(A).  Lawrence  Co.  20/IV- 
24/VI/54  —9$,  1215:  24-29/ V/55  —3$,  15.  Marion  Co.  17/ V- 
7/VII/51  —65$,  3015.  Posey  Co.  20/IV-30/V/54  —13$,  24  5.  St. 
Joseph  Co.  1-22/VI/55  —25.  Tippecanoe  Co.  10-23/ VI/52  —115 
(G):  29/IV-26/VI/54  —41$,  368  5(D):  28/IV-2/VII/55  —7$, 
55  5  (D)  :  15/VI-10/VII/55  —  3$,  15  (E). 

P.  fervida  (Fabricius)    (564  specimens;  21.1%  females). 

LaPorte  Co.  14/V-30/VI/54  —32$,  2915.  Lawrence  Co.  19/IV- 
10/VI/54  —23$,  715  :  21-29/V/55  —25.  Marion  Co.  17/V-22/VI/51 
—49$,  515.  Posey  Co.  25/IV/54  —15.  Tippecanoe  Co.  12-14/VI/52 
2$(G):  24/IV-10/VI/54  —8$,  115(D):  20/V/55  —3$,  19  5(D): 
15/VI/55— 2$  (E). 

P.  fusca  (Froelich)   (225  specimens;  41.3%  females). 

Jefferson  Co.  30/V-23/VI/54  —6$,  95(A).  Lawrence  Co.  30/IV- 
2/VII/54  —85.  Tippecanoe  Co.  21/IV-26/VI/54  —85$,  115  5  (D)  : 
4/V-15/VI/55— 2$  (D). 

P.  bipartita  (Horn)    (918  specimens;  57.7%  females). 

Jefferson  Co.  30/V-11/VI/54  —2$,  2  5(A).  Lawrence  Co.  19/IV- 
2/ VIII/54  —3$,  115-  Marion  Co.  17/V-2/VII/51  —487$,  313  5. 
Posey  Co.  21/IV-22/VII/54  —17$,  52  5.  Tippecanoe  Co.  28/ V- 
23/VI/54  —20$,  105(D):   ll/VI/55  —15(D). 

P.  anxia  (LeConte)    (28  specimens;  no  females). 

LaPorte  Co.  15/V-8/VI/54  —22  5.  Lawrence  Co.  29/IV-28/VI/54 
—25.    Posey  Co.  20/VI-13/VII/54  —45. 


158  Indiana  Academy  of  Science 

P.  hornii  (Smith)    (6  specimens;  16.7%  females). 

Jefferson    Co.    12-19/VI/55    —35  (A).    Lawrence    Co.    24-29/ V/55 
—25.    St.  Joseph  Co.  8-22/VI/55  —1$. 

P.  rugosa   (Melsheimer)    (195  specimens;  27.2%  females). 

Jefferson  Co.  8/ VI-26/ VII/55  —  7  9  ,  33  5  ( A)  :  15/ VI-14/  VII/55  —16  $ 
155(B):  16/VI-7/VII/55  —3  9,  85  (C).  Marion  Co.  19-29/VI/51 
3$,  35.  St.  Joseph  Co.  8-22/VI/55  —2$,  25.  Tippecanoe  Co.  10- 
23/VI/52  —16$,  735(G):  17/VI-19/VII/55  —5$,  85(E):  24- 
25/VII/55  —12(E). 

P.  drakii  (Kirby)   (2  specimens;  no  females). 

Lawrence  Co.  17/VI/55  —15.    Tippecanoe  Co.  15/VI/52  —15  (G). 

Summary 

1.  Light  traps  were  operated  in  seven  Indiana  counties  (Jefferson, 
LaPorte,  Lawrence,  Marion,  Posey,  St.  Joseph  and  Tippecanoe)  for  one 
or  more  of  the  years  1951,  1952,  1954  and  1955. 

2.  Several  lights  were  used  as  attractants  in  various  combinations. 
These  lights  sources  were  75-W  incandescent,  400-W  mercury  vapor, 
lumiline,  heat  coil  and  the  fluorescent  lamps  360-BL,  blue,  erythemal 
(sun  lamp),  daylight,  germicidal,  gold,  green,  pink  and  red. 

3.  In  the  four  years  collecting  22  of  the  39  species  of  Phyllophaga 
known  to  occur  in  the  state  were  taken. 

4.  In  a  study  of  relative  attractiveness  of  lamps  it  was  found  that 
more  species  as  well  as  individuals  came  to  the  lamps  emitting  shorter 
wavelengths  of  energy   (blue,  360-BL,  erythemal,  germicidal). 

5.  There  appeared  to  be  no  significant  sex  preference  for  any  of  the 
colored  lights  used   (insufficient  numbers  taken  at  gold). 

6.  In  comparing  a  360-BL  fluorescent  lamp  with  a  75-W  incan- 
descent lamp  in  1954  and  1955,  it  was  found  that  each  lamp  attracted  an 
equal  number  of  species  but  that  the  incandescent  lamp  attracted  more 
individuals.  However,  a  significantly  higher  percentage  of  those  caught 
at  the  360-BL  lamp  were  females  (27  to  17). 

7.  In  tests  on  height  of  traps  preferred  by  May  beetles  it  was  found 
that  more  individuals  were  taken  at  traps  nearest  the  ground. 

8.  In  studies  on  direction  of  flights  it  was  found  that  more  indi- 
viduals were  taken  in  north-facing  traps.  East-facing  traps  ranked 
second  and  west-facing  traps  were  third. 

9.  The  ratio  of  females  to  males  attracted  to  lights  depends  on  the 
light  source  (fluorescent  or  incandescent),  the  trap  site,  the  time  of  year 
that  beetles  are  collected,  and  species. 


Granular  Insecticides  for  Clover  Root  Borer  Control 

Ray  T.  Everly,  Purdue  University 

Granular  insecticides  are  a  relatively  new  form  of  impregnated 
dusts  in  which  the  particle  size  is  quite  large.  This  gives  certain 
advantages,  such  as  less  drift,  lower  plant  residues,  control  of  insects 
on  the  ground  surface  under  rather  dense  foliage,  and  more  uniform 
aerial  application.  Some  of  these  are  very  important  in  legume  insect 
control. 

The  clover  root  borer,  Hylastinus  obscurus  (Marsh.),  is  a  small 
mahogany-colored  bark  beetle.  The  larvae  feed  in  the  roots  from  the 
crown  to  a  depth  of  three  or  four  inches.  Heavy  infestations,  coupled 
with  the  low  moisture  availability  usually  results  in  death  of  the  clover 
plants  in  July  and  August. 

Until  the  advent  of  the  modern  organic  insecticides,  cultural  prac- 
tices were  the  only  means  of  keeping  this  insect  under  partial  control 
and  reducing  stand  losses.  Previous  experimental  studies  by  entomolo- 
gists have  shown  that  dilute  insecticidal  dusts  applied  to  the  soil  surface 
in  late  fall  of  the  seeding  year  or  early  spring  of  the  crop  year  will  give 
almost  100%  control.  Liquid  applications  have  shown  little  or  no  effect 
on  this  insect. 

Preliminary  tests  in  1954,  with  the  natural  infestation  of  63%, 
dieldrin  as  a  1%  granular  dust  applied  at  the  rate  of  100  pounds  per 
acre  and  BHC  as  a  1%  granular  dust  applied  at  90  pounds  per  acre 
gave  effective  reduction  in  numbers  of  infested  roots. 

In  1955,  seven  insecticides  including  BHC,  dieldrin,  aldrin,  heptachlor, 
chlordane,  methoxychlor  and  toxaphene  were  applied  on  May  4th  as 
emulsions  and  at  three  different  dosages  as  granulars.  The  experimental 
design  was  a  7  x  7  Latin-square,  with  insecticides  as  main  plots  and 
the  four  applications  plus  an  untreated  plot  as  five  subplots.  This  design 
was  used  as  it  gives  a  much  better  indication  of  the  variability  of  the 
natural  infestation  than  does  a  simple  randomized  block  design. 

The  emulsions  were  applied  with  a  bicycle  type  small  plot  sprayer 
with  control  of  speed,  pressure,  and  nozzle  size,  which  resulted  in  very 
uniform  dosages.  The  granulars  were  applied  with  a  three-foot  Gandy 
spreader  by  hand.  The  wide  variation  in  the  dosages  of  the  granular 
materials  indicate  the  need  for  a  more  accurate  method  of  applying  this 
type  of  material  in  experimental  studies.  There  is  some  indication  from 
previous  tests  that  the  formulation  of  the  granular  dusts  have  an 
important  effect  on  their  rate  of  flowability  and  consequently  on  their 
rate  of  application. 

In  the  emulsion  tests,  heptachlor,  dieldrin  and  aldrin  showed  highly 
significant  reductions  in  percent  infestation  and  also  in  borers  per  100 
plants.  The  low  granular  dosage  was  highly  significantly  effective  in 
all  materials  except  methoxychlor  and  toxaphene.  Borers  per  root  were 
reduced  the  greatest  amount  in  the  BHC,  aldrin  and  heptachlor  treat- 
ments.   The   intermediate   dosage   of   granulars   showed  heptachlor   the 
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most  effective  in  reducing  the  percent  infestation,  with  BHC  and  aldrin 
almost  equally  effective.  These  same  treatments  reduced  the  borers  per 
100  roots  to  zero,  while  dieldrin  and  chlordane  had  the  next  fewest. 
The  high  high  dosage  of  granulars  showed  BHC  with  lowest  percent 
infestation  and  dieldrin  with  the  next  best  control.  Aldrin,  heptachlor 
and  chlordane  were  about  equal  and  showed  highly  significantly  lower 
infestation  than  the  untreated.  In  borers  per  100  roots,  BHC  had  none, 
with  chlordane  the  next  fewest,  followed  by  dieldrin  and  heptachlor. 
Aldrin  and  toxaphene  at  the  high  dosage  showed  highly  significant 
reductions  in  the  number  of  borers.  The  untreated  populations  varied 
highly  significant  amounts  among  the  various  insecticide  blocks.  The 
highest  natural  infestation  was  47.1%  in  the  dieldrin  treated  area,  with 
the  lowest,  32.8%  in  the  chlordane  treated  plots.  The  borers  per  100 
roots  in  the  untreated  plots  ranged  from  114.3  in  the  untreated  methoxy- 
chlor  area  to  38.6  in  the  chlordane  area. 

Population  of  nymphs  of  the  meadow  spittlebug  per  square  foot 
were  reduced  highly  significant  amounts  in  all  treatments,  with  BHC, 
dieldrin  and  heptachlor  the  most  effective.  Infestations  and  damage  by 
the  lesser  clover  leaf  weevil  was  also  significantly  reduced  by  the  differ- 
ent treatments.  Samples  of  insect  populations,  consisting  of  10  sweeps, 
were  taken  in  all  the  subplots  two  weeks  after  treatments  were  applied. 
These  samples  have  not  been  examined  and  identified. 

Aerial  applications  of  a  1%  granular  BHC  were  applied  May  18 
to  three  plots  50  feet  wide  and  850  feet  long,  with  two  equal  sized 
untreated  areas  between.  Cardboard  treated  with  clear  varnish  was 
placed  at  three  foot  intervals  across  the  treated  areas  to  determine  the 
width  of  the  swath  and  distribution.  The  percent  infestation  of  the 
clover  root  borer  was  reduced  from  60%  in  the  untreated  to  6%  in 
the  treated  and  the  borers  per  100  roots  from  194  to  less  than  1,  based 
on  samples  of  50  roots  per  plot.  Spittlebug  populations  were  reduced 
from  33.5  nymphs  per  square  foot  to  .7.  The  lesser  clover  leaf  weevil 
showed  86.7%  infestation,  222  damaged  buds  and  46  weevils  per  100 
stems  in  the  untreated  plots.  The  treated  plots  had  56.7%  infested,  98 
damaged  buds  and  18  weevils  per  100  stems.  Better  timing  probably 
would  have  increased  the  control  of  this  insect. 
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Local  Lithologic  Discontinuities  in  the  Reelsville  (Lower  Chester) 
Limestone  of  Indiana.1  Henry  H.  Gray,  Indiana  Geological  Survey  and 
T.  G.  Perry,  Indiana  University. — Exposures  in  Lawrence,  Martin,  and 
Orange  Counties,  Indiana,  show  abrupt  lateral  lithologic  charges  in  the 
Reelsville  (lower  Chester)  limestone.  The  overlying  Elwren  formation 
appears  to  rest  unconformably  on  the  Reelsville  in  these  sections,  but  a 
significant  unconformity  cannot  be  demonstrated  because:  (1)  sediments 
above  and  below  the  Reelsville  are  similar  and,  where  the  Reelsville 
limestone  is  absent,  do  not  show  evidence  of  a  break  in  deposition,  and  (2) 
Reelsville  fossils  are  found  locally  in  clastic  beds  that  are  lateral  equiva- 
lents of  the  Reelsville  limestone. 

At  Huron,  Lawrence  County,  an  8-foot  section  of  Reelsville  lime- 
stone abuts  olive-gray,  silty  shale  which  exhibits  differential  compaction 
features  suggesting  deposition  contemporaneous  with  the  limestone.  Near 
Willow  Valley,  Martin  County,  relict  boulders  of  Reelsville  limestone 
are  surrounded  by  reddish-brown,  residual  clay.  Here  1  foot  to  6  feet 
of  olive-gray,  silty  shale  lies  above  the  Reelsville  and  is  overlain  uncon- 
formably by  crossbedded  sandstone  of  the  Elwren  formation;  this 
unconformity  probably  lacks  regional  significance.  Approximately  2 
miles  west  of  Prospect,  Orange  County,  the  Reelsville  is  represented  by 
6  feet  of  fossiliferous,  calcareous  sandstone  which  abuts  unfossiliferous, 
olive-gray,  silty  shale. 

Abrupt  lateral  facies  changes,  not  erosional  unconformity,  caused 
lithologic  discontinuity  of  the  Reelsville. 

The  Change  of  the  Physical  Properties  of  Some  Clays  at  Tempera- 
tures Below  200°  C.  Erhard  Winkler,  University  of  Notre  Dame. — 
The  adobe  structures  of  the  low  latitude  arid  areas  have  been  able  to 
resist  rain  storms  for  many  centuries.  In  order  to  study  the  possible 
stabilizing  effect  of  the  sun,  six  different  American  clays  of  known 
mineral  composition  were  exposed  to  temperatures  of  25°,  50°,  100° 
and  200°  C.  for  six  days.  For  each  temperature  raise,  the  compressive 
strength,  water  resistance,  and  Atterberg  plastic  limits  were  performed. 
The  values  of  the  compressive  strengths  rapidly  increased  from  25°  to 
50°C  to  find  a  peak  at  200°C.  The  water  resistance  showed  a  general 
increase  except  Ball  Clay  and  Fuller's  Earth  which  reached  a  peak  at 
50° C.  The  plastic  index  increases  for  Attapulgite,  Fuller's  Earth  and 
Kaolinite;  however,  a  decreasing  plasticity  was  expected  rather  than  an 
increasing  plasticity,  as  actually  achieved  by  the  Fithian  Illite  and  Ball 
Clay.    All  pre-heated  clays  were  exposed  to  a  super-saturated  atmos- 
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phere  at  25° C  for  six  days.  The  physical  properties  could  be  easily 
reversed  at  temperatures  up  to  100°C.  However,  compaction  of  the  clay 
particles  of  colloidal  size  caused  the  limited  reversibility  at  200° C. 

Thus  the  sun  is  a  potent  stabilizer  of  most  of  the  common  clays  of 
temporary  character. 

The  Dimensions  of  Steam  Railroad  Abandonment  in  Indiana.  Elmer 
G.  Sulzer,  Indiana  University. — Almost  one  thousand  miles  of  main  and 
branch  line  steam  railroad  trackage  in  Indiana  have  been  abandoned  and 
removed.  This  paper  lists  each  of  these  abandonments,  presenting  names 
of  railroads  involved,  termini  of  segments,  mileage,  Indiana  counties, 
and  abandonment  dates. 

Contained  in  the  compilation  are  all  railroads  using  steam  or  any 
other  power  except  electric.  This  has  led  to  the  inclusion  of  four  lines, 
the  Evansville  and  Ohio  Valley  Railway,  the  Evansville,  Suburban  and 
Newburgh  Railway,  the  St.  Joseph  Valley  Railway,  and  the  Winona 
Railroad,  that  were  at  one  time  or  another  electrically  operated,  but  also 
used  other  types  of  motive  power  during  their  existences. 

Industrial  spur  lines,  not  termed  "branches"  by  their  owners,  are 
not  included.  Segments  of  track  abandoned  because  of  short  relocation 
are  also  omitted. 

Bedford  and  Evansville  share  the  doubtful  honors  of  being  the 
termini  of  more  abandoned  railroads  than  any  other  Indiana  county 
seats,  each  claiming  three  sections  of  "ghost"  trackage.  No  longer 
entering  Bedford  are  the  short  Bedford  and  Wallner  Railroad,  the  River- 
vale-Bedford  branch  of  the  B.  &  0.  R.  R.,  and  the  Switz  City  branch 
of  the  Monon.  Serving  Evansville  no  more  are  the  Evansville,  Suburban 
&  Newburgh,  the  Evansville  &  Ohio  Valley,  and  the  line  of  the  Illinois 
Central  running  between  that  city  and  Henderson,  Kentucky,  by  way 
of  a  car  ferry.  This  car  ferry,  was  the  only  facility  of  its  kind  that 
originally  moved  the  cars  of  a  steam  railroad,  and  was  later  pressed 
into  service  as  the  means  of  transporting  across  the  Ohio  River  the 
interurbans  scheduled  between  Henderson  and  Evansville. 

With  a  few  exceptions,  Indiana's  steam  railroad  abandonments  were 
caused  by  three  factors:  (a)  exhaustion  or  lack  of  demand  of  mineral 
resources  for  the  movement  of  which  the  lines  were  originally  built, 
(b)  segments  without  overhead  traffic  and  depending  on  local  business 
that  was  absorbed  by  the  automobile  and  highway  truck,  and  (c)  the 
construction  of  parallel  or  duplicating  routes  that  negated  advantages 
formerly  possessed  by  the  railroad. 

Some    Climatic    Contrasts    Between    Indiana    and    Adjacent    States. 

Stephen  S.  Visiter,  Indiana  University. — Fifteen  lantern  slides  showing 
the  eastern  half  of  the  maps  of  the  United  States  from  the  Climatic 
Atlas  of  the  United  States  (1954)  illustrate  some  of  the  differences  be- 
tween Indiana  and  neighboring  states. 

1.  Hot  summer  (75°  average  of  day  and  night)  commences  by 
mid-June  in  western  Kentucky,  but  does  not  occur  in  Michigan.  Ohio 
has  less  such  hot  weather  than  does  Illinois. 

2.  Exceptionally  short  frost-free  seasons  are  shorter  in  Illinois, 
Michigan  and  Indiana  than  in  Ohio  and  Kentucky. 
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3.  The  variation  from  year  to  year  in  average  winter  temperatures 
is  significantly  greater  in  Kentucky  and  southern  Illinois  than  in  In- 
diana, and  especially  greater  than  in  Michigan. 

4.  Much  of  Kentucky  has  four  times  as  many  very  hot  days  as 
northern  Indiana.  Ohio  is  somewhat  cooler  than  Indiana,  whereas  Illinois 
is  somewhat  warmer. 

5.  The  lowest  temperatures  ever  officially  recorded  are  lower  in  Ohio 
and  Michigan  than  in  Indiana,  and  almost  as  low  in  Kentucky  and 
Tennessee  as  in  Indiana.  Illinois'  lowest  is  the  same  as  Indiana's,  — 35°, 
but  — 20°  is  much  more  frequent  in  northern  Illinois  than  in  Indiana. 

6.  April  cold  spells  are  almost  equally  cold  in  this  region  except 
that  Kentucky  and  Indiana  are  somewhat  less  cold  than  Illinois,  Michigan 
and  Ohio. 

7.  Thunderstorm  frequency  increases  southward  in  this  region. 

8.  Illinois  has  more  tornadoes  than  does  Indiana  while  Michigan, 
Ohio  and  eastern  Kentucky  have  fewer. 

9.  Kentucky  receives  a  notably  greater  share  of  its  precipitation 
in  winter  and  early  spring  than  does  Indiana;  Illinois  receives  less. 

10.  There  is  a  southward  increase  in  this  region  in  the  frequency 
of  "cloudbursts." 

11.  In  the  day  with  most  rainfall,  Kentucky  and  Illinois  receive 
the  largest  totals  of  these  states,  Michigan  least,  very  seldom  more  than 
4  inches,  while  Kentucky  occasionally  receives  more  than  10  inches  in 
a  day. 

12.  In  an  exceptionally  dry  growing  season,  much  of  Illinois, 
southern  Indianua  and  western  Kentucky  are  semiarid  while  Ohio  and 
Michigan  are  dry  subhumid. 

13.  In  an  exceptionally  dry  summer  month,  Illinois,  Michigan,  and 
much  of  Kentucky  receive  less  than  an  inch  of  rain,  while  Ohio  and 
most  of  Indiana  receive  more  than  an  inch. 

14.  The  contrast  between  the  amounts  of  precipitation  received  in 
the  driest  and  wettest  years  increases  southward  among  these  states. 

15.  There  is  a  westward  increase  in  this  region  in  the  percentage 
of  the  growing  season  rain  which  falls  at  night. 

These,  and  other  contrasts  between  the  climate  of  Indiana  and  its 
neighboring  states  result  in  a  slight  advantage  in  favor  of  Indiana  in 
most  respects. 

Upset  of  Nature's  Balance  Between  Carbon  Dioxide  and  Oxygen 
in  the  Air.  J.  A.  Reeves,  R.  R.  2,  Terre  Haute. — Callendar  (Royal 
Meterological  Society)  has  shown  that  the  carbon  dioxide  content  of  the 
air  over  England  remained  constant  at  292  ppm  between  1865  and  1895. 
It  then  increased  7  ppm  during  each  ten  year  period  from  1895  to  1935. 
Since  1935,  the  rate  of  increase  presumably  was  greater,  but  accurate 
measurements  are  not  available.  Calculations  indicate  that  the  overall 
increase  in  carbon  dioxide  in  the  air  since  1895  is  in  excess  of  300  billion 
tons. 

This  rapidly  growing  percentage  of  carbon  dioxide,  in  the  air  in 
England  and  allegedly  elsewhere,  may  show  up  in  a  modifying  effect  on 
our  climate,  in  crop  and  tree  growth,  tornadoes,  health,  and  personal 
comfort. 


Pleistocene  Periglacial  Environment  in  Indiana1 

William  J.  Wayne,  Indiana  Geological  Survey 

Extensive  tundra  vegetation  around  the  margins  of  the  Pleistocene 
continental  glaciers  in  central  Europe  is  known  from  studies  of  pollen 
spectra  in  lake  sediments.  Apparent  absence  of  a  similar  tundra  zone 
adjacent  to  the  North  American  ice  sheets  has  been  questioned  by  some 
geologists  and  paleobotanists. 

Mollusks  recovered  from  loess  deposits  in  Indiana  indicate  that  the 
vegetation  south  of  the  advancing  early  Wisconsin  glacial  ice  provided 
cover  for  species  of  woodland  snails  that  now  live  in  central  Ontario 
and  southward. 

An  interstadial  loess  between  two  tills  of  Wisconsin  age  contains 
a  small  snail  fauna,  three  species  of  which,  Columella  alticola,  Vertigo 
alpestris  oughtoni  and  V.  modesta,  are  now  restricted  to  the  latitude  of 
northern  Ontario  in  eastern  North  America.  All  other  species  of  this 
fauna  also  live  in  northern  Ontario,  but  range  farther  south  as  well. 
Pollen  from  one  of  these  loess  deposits  consists  of  69  percent  non-tree 
genera  and  31  percent  Larix,  Picea,  and  Salix.  The  snails  and  pollen 
indicate  that  few  trees  existed  on  the  newly-deglaciated  surface  and 
the  mean  annual  temperature  was  cooler  than  that  of  central  Indiana 
today.  Because  no  similar  record  has  been  found  in  bogs  in  Indiana, 
this  "waldtundra"  probably  lasted  only  a  few  decades  to  a  few  hundred 
years  and,  when  a  soil  had  been  sufficiently  developed,  gave  way  to  spruce 
forests. 

A  few  patches  of  patterned  ground  and  fossil  involutions,  which 
might  have  formed  in  the  active  layer  above  perennially  frozen  ground, 
suggest  that  the  mean  annual  temperature  near  the  ice  margin  may  have 
been  from  0°C  to  — 3°C.  The  snails  found  in  the  interstadial  silts  will 
survive  in  this  temperature  range  but  it  is  a  few  degrees  lower  than  the 
temperature  indicated  by  snails  in  the  loess  beneath  earliest  Wisconsin 
till.  This  evidence  agrees  with  Manley's  (1955)  suggestion  that  the 
mean  annual  temperature  at  the  ice  margin  in  Indiana  was  about  — 1°C. 
The  periglacial  climate  in  Indiana  was  at  no  time  so  severe,  however, 
that  coniferous  forests  were  displaced  by  tundra  around  the  advancing 
ice  margin.  In  Europe,  Scandinavian  and  Alpine  glaciers  and  the  tem- 
porary disappearance  of  the  North  and  Baltic  Seas  greatly  reduced  the 
inland  movement  of  moist  Atlantic  air,  thereby  permitting  development 
of  a  climate  appropriate  to  the  latitude. 


1.    Published  by  permission  of  the  State  Geologist. 
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Split  and  Channel  Sandstone  Cutout  in  Coal  V 
in  the  Dresser  Area,  Vigo  County,  Indiana1 

S.  A.  Friedman,  Indiana  Geological  Survey 

Introduction 

A  split  and  sandstone  cutout  in  Coal  V  in  the  area  of  the  Dresser 
mine,  Vigo  County,  Indiana,  were  produced  by  deposition  of  sand  and 
clay  in  the  channel  and  on  the  flood  plain  of  a  stream  contemporaneously 
with  the  formation  of  peat  in  the  swamp  of  Coal  V  time. 

The  Dresser  mine  is  in  the  north-eastern  part  of  the  Eastern 
Interior  Coal  Basin  and  produced  Coal  V,  which  is  at  the  top  of  the 
Petersburg  formation  of  Allegheny  age.  Walter  Bledsoe  and  Company, 
operators  of  the  mine  from  1925  to  1953  (1),  outlined  by  drilling  an 
area  where  coal  mining  was  impossible  owing  to  a  split  and  sandstone 
cutout.    A  preliminary  coal  map  of  Vigo  County  shows  this  cutout  (2). 

The  writer  compiled  subsurface  data  from  the  Dresser  area  during 
1954  and  1955  as  a  part  of  a  cooperative  project  of  the  Indiana  Geological 
Survey  and  the  U.  S.  Geological  Survey  to  study  the  geology  and  coal 
resources  of  the  Terre  Haute  and  Dennison  quadrangles.  A  study  of 
this  data  permits  the  development  of  a  hypothesis  to  explain  the  origin 
of  the  split  and  sandstone  cutout. 

Distribution  and  Origin  of  the  Split  and  Sandstone  Cutout 

The  area  called  a  "sandstone  fault"  on  the  latest  available  map  of 
the  Dresser  mine  has  a  dendritic  pattern.  A  study  of  the  drilling  data 
shows  that  the  area  of  the  dendritic  pattern  contains  the  split  as  well 
as  the  sandstone  cutout  (fig.  1).  Dendritic  tributaries  converge  down 
the  regional  dip,  which  is  20  to  30  feet  to  the  mile  toward  the  southwest. 
These  facts  suggest  that  a  stream  and  its  tributaries  flowing  down  the 
regional  dip  produced  the  split  and  sandstone  cutout.  Coal  V  is  4  to  5 
feet  thick  outside  the  area  of  the  split,  but  within  this  area  it  is  too 
thin  to  mine  because  shale  has  taken  the  place  of  part  of  the  coal  (fig.  2). 
Sandstone  as  much  as  40  feet  thick  was  deposited  in  the  channel  area. 

History  of  Sedimentation 

A  stream  developed  during  the  early  phase  of  peat  formation  in 
the  swamp  of  Coal  V  time  (fig.  3,  a).  This  stream  cut  down  through  the 
peat  into  clay  and  shale  and  later  deposited  sand  in  its  channel  (fig.  3, 
b).  The  stream  meandered,  cut  laterally,  and  deposited  mud  on  its  flood 
plain  (fig.  3,  c).  Tributary  streams  deposited  smaller  amounts  of  mud 
and  sand.  Locally  peat  formed  where  the  swamp  encroached  upon  the 
flood  plains.  Alternate  deposition  of  peat  and  mud  resulted  in  inter- 
tonguing  of  these  sediments  (fig.  3,  d).  This  intertonguing  is  the  best 
evidence  in  favor  of  contemporaneous  deposition  of  the  sand,  mud,  and 
peat. 


1.     Published  with  permission  of  the  State  Geologist,  Indiana  Geological 
Survey. 

165 


166 


Indiana  Academy  of  Science 

R.IOW. 


7~X  COAL  SPLIT 

fT~1  SANDSTONE 

I       I  COAL  V  3.7'+ 

°      COAL  TEST 


i 

©TERRE 
HAUTE 

/" 

iJ 

.   .    .. 

T.  VIGO  COUNTY 

II 

N. 


INDIANA 


Fig-.    1.     Map   showing    distribution   of  split   and  sandstone   cutout   in   Coal  V 
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Fig.   2.    Stratigraphic  cross  sections   showing  lithologic  relationships 
in  the  subsurface. 
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The  main  stream  divided  and  flowed  around  a  peat  island  (fig.  1). 
The  southern  channel  was  abandoned  toward  the  end  of  peat  deposition 
and  was  overgrown  with  5  or  10  feet  of  peat  (fig.  3,  e).  Renewed  stream 
action  eroded  the  peat  locally.    At  this  stage  the  channel  area  probably 
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3.     Sequence    of    idealized    diagrams    showing    development    of    split    and 
channel   sandstone   cutout  in   Coal  V  in  the   Dresser  area. 


168  Indiana  Academy  of  Science 

contained  40  feet  of  sand,  and  the  peat  probably  was  equally  thick  out- 
side the  stream  area.  Compaction  of  this  thickness  of  peat  formed  4  to 
5  feet  of  bituminous  coal. 

Vertical  pressure  from  sediments  deposited  later  resulted  in  differ- 
ential compaction  of  the  coal,  shale,  and  sandstone  (fig.  3,  f).  The  top 
of  the  lenticular  sandstone  is  thus  relatively  higher  than  the  shale  and 
coal  on  its  flanks,  because  the  volumes  of  coal  and  shale  were  reduced 
more  than  the  volume  of  the  lenticular  sandstone. 

The  intertonguing  of  shale  and  coal  and  the  dendritic  pattern  of 
the  sandstone  and  the  split  in  coal  indicate  that  the  shale  in  the  split 
and  the  lenticular  sandstone  are  probably  of  fluviatile  origin  and  were 
formed  contemporaneously  with  the  coal. 
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Distribution  of  Our  Occupational  Structure 

B.   H.   Schockel,  Valparaiso  University 

This  paper  is  based  upon  an  original  map  which  portrays  the 
distribution  of  the  occupational  structure  of  the  United  States  by  coun- 
ties, as  of  1950,  by  means  of  data  from  the  United  States  Census. 

For  each  county  is  shown  the  percentage  ratio  of  the  sum  of  the 

county's  workers  employed  in  agriculture,  fishing,  forestry,  and  mining 

to    the    sum    of    the    county's    workers.     Thus    in    effect    the    ratio    is 

workers  producing  raw  stuff.         ,    ,,       ,  ,      .      ,   ,,       , 

—.-. ~ ,  and  thereby  are   emphasized  the  degree 

all  workers 

of  earthliness  of  the  counties  and  concomitantly  the  degree  of  their 
quasi-divorce  or  quasi-separation  from  Mother  Earth.  In  an  important 
sense  the  workers  associated  closely  with  Mother  Earth,  since  they  gather 
and  produce,  are  primary,  basal,  ground-floor,  "grass-root;"  likewise  the 
workers  associated  loosely  with  Her,  since  they  modify  raw  materials, 
are  secondary,  supral,  upper-floor,  "non-grassroot."  In  the  map  the 
darker  shades  are  strongly  "grass-root,"  and  the  lighter  shades  are 
weakly  "grass-root"  (i.e.,  strongly  industrial-commercial-business-trans- 
portational-prof essional-financial-governmental-servicing) .  The  primary 
and  the  secondary  workers  are  symbiotic. 

A  generalization  is  that  few  of  our  counties  are  now  predominantly 
"grass-root,"  although  we  produce  increasingly  vast  quantities  of  raw 
materials,  whereas  in  1790  we  were  tied  occupationally  very  close  to  our 
land  and  water.  Moreover,  the  degree  of  this  quasi-divorce  is  increasing 
while  the  degree  of  this  productiveness  of  raw  materials  is  also  increas- 
ing. The  bonds  of  our  marriage  with  Nature  are  loosening  occupation- 
wise,  but  the  state  of  marriage  productionwise  was  never  more  real. 
One  and  one-half  centuries  ago  our  occupational  structure  pattern  in 
diagram  form  was  that  of  a  pyramid  the  base  of  which  was  "grass- 
rooters."  Today  the  pattern  diagram  is  that  of  an  inverted,  truncated 
pyramid  balanced  upon  a  narrow  base  of  "grass-rooters,"  who  comprise 
only  about  fifteen  percent  of  our  workers,  but  who  produce  increasingly 
abundantly.    Overall  we  rush  to  diversify. 

There  is  striking  areal  differentiation  in  our  spatial  occupational 
structure  pattern.  In  a  horseshoe  area  embracing  loosely  the  Southern 
Appalachians,  there  is  a  strong  interest  in  a  concentration  upon  the 
production  of  raw  materials.  This  area  extends  from  one  of  its  heel- 
points  in  West  Virginia  westward  to  its  toe  in  Arkansas,  and  thence 
eastward  to  its  other  heel-point  in  North  Carolina.  A  second  "grass- 
roots" area  occupies  part  of  our  Northwest  Interior.  It  borders  on 
Canada  and  is  marginated  southerly  by  a  line  from  northwest  Montana 
to  northern  Nebraska  to  the  vicinity  of  Duluth.  Finally  there  is  a 
perforated  lens  area  extending  from  central  Wisconsin  to  northeast 
Kansas. 

With  little  exception,  the  remainder  of  our  country  has  become 
predominantly     "non-grassroots"     in     occupation.      Outstanding     quasi- 
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divorced  areas  are:  an  area  extending  northeast  from  St.  Louis  to 
easternmost  Maine;  our  Pacific  Coast  area;  our  Appalachian  Southeast; 
and  Florida.  There  are  no  "grass-roots"  counties  in  all  of  New  England, 
none  along  our  entire  Pacific  Coast,  and  none  in  New  York,  New  Jersey, 
Delaware,  Maryland,  Washington,  and  Oregon.  There  is  only  one  such 
county  in  each  of  the  following  states:  Pennsylvania,  Indiana,  Michigan, 
New  Mexico,  Arizona,  and  California. 

I  consider  that  this  map  portraying  the  spatial  distribution  of  our 
occupational  pattern  is  a  fairly  adequate  tool.  It  is  a  necessary  job, 
and  no  simple  job  to  portray  facts  spatially,  concomitantly,  and  in 
symbiosis.  Having  done  so  in  the  map  before  you,  I  might  stop  right 
here  with  considerable  dignity. 

But  at  least  three  other  steps  remain,  to  wit:  (I)  explanation  of 
the  so-called  causes  of  the  remarkable  spatial  pattern;  (II)  analysis  of 
the  implications  or  significance  of  the  pattern;  and  (III)  my  reactions 
to  the  realities  revealed  by  the  pattern,  that  is  to  say,  application,  that 
is  to  say,  "What  are  we  to  do  about  the  set-up?" 

In  order  to  get  at  step  number  I,  consider  that  some  of  the  so-called 
causes  for  the  spatial  pattern  hide  in  the  following  items:  (1)  growth 
in  population,  urbanization,  mass  production,  mechanization,  automation, 
subsidies,  national  defense,  governmentism,  economic  organization, 
migration,  and  the  like;  (2)  the  natural  environment,  history,  and  nature 
of  the  peoples;  (3)  the  transformation  and  migration  of  the  peoples  and 
the  industries;  and  (4)  new  uses,  and  quasi-exhaustion  of  some  of  the 
natural  resources. 

Having  listed  these  items  one  could  proceed  to  analyze  the  so-called 
causes  hiding  in  these  items,  and  thereby  produce  in  step  I  a  book, 
namely  Volume  I.  Today,  however,  in  Volume  I,  I  confine  myself  to 
two  topics,  namely  the  relative  decline  in  the  numbers  of  "grass-rooters," 
and  the  relative  rise  in  the  number  of  "non-grassrooters."  Only  a  few 
remarks  and  tentative  generalization  will  be  made. 

Almost  everywhere  in  the  United  States  there  has  been  a  relative 
decline  in  the  number  of  "grass-rooters"  partly  because  their  pro- 
ductivity per  workers  has  grown  astonishingly.  In  many  aspects  of 
agriculture,  mining,  and  even  in  fishing,  a  surplus  of  production  has 
become  a  handicap.  Despite  subsidy  and  partly  because  of  it,  especially 
in  agriculture  and  mining,  the  marginal  producers  are  turning  to  other 
occupations,  partly  through  choice  and  partly  through  compulsion. 

Let  us  for  the  moment  consider  agriculture.  Our  bona  fide  farms 
are  growing  larger  and  fewer.  Since  1920,  the  average  size  of  the  farm 
has  risen  from  about  150  acres  to  about  225  acres  (a  rise  of  50  percent) 
whereas  the  number  of  farms  has  dropped  from  615  million  to  5.2 
million  (a  drop  of  20  percent).  There  was  a  decrease  of  21.6  percent  in 
farm  population.  Only  about  12  percent  of  our  workers  are  in  agriculture. 
We  have  less  than  3.7  million  commercial  farms.  Incidentally,  many  so- 
called  farms  are  no  longer  bona  fide  farms,  and  their  occupants  have 
been  rather  curiously  censussed  as  "non-rural."  Recall  this  astonishing 
set  of  facts:  First,  a  group  of  farmers  of  giant  farms,  less  than  2  percent 
of  all   our  farmers,  receive  altogether  about   25  percent  of  the   entire 
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parity-price  subsidy  provided  by  your  taxes.  Second,  another  group,  big- 
farmers,  less  than  8  percent  of  all  farmers,  receive  altogether  another 
25  percent  of  all  parity-price  subsidy.  Whereas  a  group  of  little  farmers, 
about  91  percent  of  all  farmers,  receive  altogether  no  more  than  50 
percent  of  all  parity-price  subsidy.  The  subsidy  is  split  "fifty-fifty:" 
one-half  to  one-tenth,  and  one-half  to  nine-tenths.  Now  giant  and  big 
farms,  increasing  in  size  and  numbers,  do  well  in  only  certain  portions 
of  our  country.  This  helps  to  explain  the  distribution  of  "grass-rooted- 
ness."  Here  is  another  remark:  In  farming  a  mighty  factor  in  this 
transformation  in  spatial  aspects  of  occupation  has  been  the  tractor 
used  as  a  tool  in  mechanization.  Consider,  for  example,  the  single  item 
of  the  changed  impact  of  land  needed  for  draft  animals,  especially  horses 
and  mules.  More  than  25  million  acres  of  crop  land  and  more  than  12 
million  acres  of  pasture  land  have  been  released  from  the  production  of 
feed  for  draft  animals  to  other  uses.  Gone  also  are  the  daily  chores 
and  sometime  joys  of  taking  care  of  the  animals.  Consider  now  the 
United  States  as  a  whole.  From  1939  to  1954  the  number  of  farm 
workers  declined  from  11.5  million  to  8.5  million  (a  decline  of  26  percent), 
yet  the  productivity  output  of  the  acreage  has  increased  47  percent. 

I  can  now  state  an  agricultural  generalization  which  is  more  or  less 
true  and  which  helps  to  explain  our  spatial  occupational  pattern,  namely: 
With  small  exception,  agricultural  occupational  space  where  it  is  still 
undislodged  by  other  factors  has  held  its  own  best  where  topographic, 
climatic,  and  drainage  conditions  have  made  difficult  the  impact  of  the 
modern  sweep  toward  large  production  per  worker.  This  is  most  obvious 
in  the  horseshoe-shaped  area  where  the  roughness  of  topography  pro- 
vides an  element  of  resistance  to  innovations  and  to  the  inroad  of  other 
pursuits.  To  a  lesser  degree  the  spatial  pattern  also  reflects  such  re- 
sistance, abetted  by  climate,  in  the  colder  portion  of  the  dairying  areas. 
In  addition  witness  the  resistance  offered  by  the  nature  of  the  production 
inherent  in  tobacco  and  horticultural  crops. 

Now  let  us  consider  mining.  In  mining  also,  the  production  per 
worker  has  increased  greatly,  with  a  resultant  relative  decline  in  the 
marginal  areas.  Coal  now  provides  less  than  one-half  of  our  mechanical 
energy  largely  because  at  present  more  energy  per  worker  is  garnered 
from  our  petroleum  and  oil  pools  than  from  our  coal.  This  is  the  case 
despite  the  fact  that  mining  of  coal  per  worker  has  increased  greatly 
through  mechanized  tools,  machinery,  and  even  through  automatized 
machinery,  and  by  the  powdering  of  coal  in  the  mine  to  be  piped  to 
the  surface.  To  a  degree  it  is  true  that  our  coal  mining  is  a  sick  industry, 
and  we  witness  the  fading  of  coal  mining  where  the  production  per  man 
is  low,  in  favor  of  coal  mines  where  the  production  per  man  is  high. 
Don't  forget  that  exploratory  drilling  of  gas  and  oil  wells  is  subsidized 
at  even  higher  rates  than  is  agriculture. 

The  effect  of  the  presence  of  minerals  in  the  natural  environment 
is  discernible  in  the  northern  limb  of  the  horseshoe  area,  but  overall 
there  is  not  much  direct  relation  between  the  distribution  of  minerals 
and  the  distribution  of  the  spatial  occupational  pattern,  since  miners 
are  so  few. 
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I  can  now  pose  a  second  generalization  as  a  hypothesis  in  the 
form  of  a  question.  Is  it  true  that  where  it  is  still  undislodged,  mining 
occupational  space  has  remained  prominent  in  the  occupational  pattern 
in  those  areas  where  mining  production  per  worker  has  remained  low 
(partly  owing  to  the  retarding  effect  of  natural  conditions  and  of  labor 
conditions)  ?  If  so,  this  is  a  second  item  which  helps  to  explain  the 
persistence  of  the  horseshoe.  Is  the  horseshoe  area  a  fortress  of  the 
basals?  Or  is  it  merely  that  the  suprals  do  not  find  the  horseshoe  very 
attractive  ? 

The  weakening  of  "grass-rootism"  is  obvious  in  those  places  where 
virgin  forests,  virgin  fisheries,  and  virgin  mines  have  largely  been  ex- 
hausted, as  for  example  in  the  famous  Driftless  Area  of  the  Upper 
Mississippi. 

Let  us  now  turn  to  my  second  topic,  namely  the  impact  of  the 
relative  rise  of  the  "non-grassrooters"  upon  the  spatial  occupational 
pattern  of  the  United  States.  This  would  be  Part  2  of  Volume  I,  and 
what  a  huge  Part  2  the  rise  of  the  secondaries  would  be!  For  the  rise 
of  the  "non-grassrooters"  is  the  main  key  in  the  explanation  of  the 
map.  Greatly  relieved  and  released  by  the  pronounced  output  success 
of  our  "grass-rooters,"  how  the  rest  of  us  have  grown,  subsidized  by 
tariffs,  social  security,  and  other  inducements,  stimulated  by  mechaniza- 
tion, automation,  and  other  fringe  benefits,  and  by  many  other  items. 

There  are  more  businessmen  than  there  are  basals;  even  more 
factory  workers  than  basals;  there  are  more  clerks  than  farmers;  soon 
there  will  be  more  transporters  than  farmers.  For  the  sake  of  brevity, 
let  us  pause  with  the  clerks. 

There  are  nearly  9  million  clerks  who  produce  marks  on  pieces  of 
paper.  The  spatial  distribution  of  these  clerks  helps  to  explain  the  map 
portraying  spatial  distribution  of  occupations  integrated  in  symbiosis. 

It  is  an  important  fact  that  our  clerks  turn  out  relatively  little 
work  per  worker.  The  clerical  work  is  a  bit  mechanized,  but  it  is  not 
yet  automatized,  although  that  is  in  the  offing.  When  this  happens 
there  will  be  a  change  in  the  spatial  pattern  of  our  map;  paperettes  will 
flutter  over  us  like  snowfall.  There  will  be  an  increased  centralization 
in  the  reorganization  of  our  business  world. 

These  thoughts  lead  toward  another  alleged  generalization  posed  as 
a  question  because  it  may  not  be  true,  namely:  Do  the  shadings  on  the 
map  tend  to  be  lighter  in  those  crowded  areas  where  the  "non-grass- 
rooters" turn  out  relatively  small  product  per  worker  and  the  workers 
are  many  ? 

Here  is  another  observation.  It  seems  natural  to  find  many 
secondaries  along  our  coasts.  Many  transporters  tend  to  lodge  there; 
also  many  wholesalers;  and  also  many  manufacturers  lured  by  the 
materials  flowing  in  and  out.  People  migrating  in  and  out  tend  to  lodge 
there. 

Consider  now  migration.  Our  quasi-retired  people  trend  toward 
Florida,  our  Southwest,  also  toward  California  and  even  Oregon  and 
Washington,  lured  in  part  by  climate.  Many  of  them  do  some  work, 
but  few  of  them  do  primary  work. 
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The  preceding  items  are  random  samples  of  what  should  go  into 
Part  2  of  Volume  I.  Let  us  turn  to  Volume  II,  namely  implications 
inherent  in  the  map  of  spatial  occupational  pattern. 

A  basic  implication  is  that  occupational  life  in  the  United  States 
is  complex,  is  growing  more  complex,  is  in  an  increasing  flux.  Each 
increase  in  productivity  per  worker  releases  workers  and  forces  workers 
into  new  regions,  often  into  new  occupations.  There  is  expanding  com- 
plexity. Occupationally  we  are  moving  changelings,  in  motion  between 
points.    Yet  there  is  a  pattern,  a  spatial  pattern. 

Another  implication  is  that  occupationally  we  are  largely  producers 
of  surplusage.  Hence  we  need  to  sell  to  other  lands.  But,  unlike  England 
and  Western  Europe,  we  have  overall  more  to  sell  than  we  need  to  buy. 
This  creates  an  unbalance.  Yet  we  employ  tariff,  etc.,  to  reduce  our 
buying.  We  have  found  that  there  are  hazards  in  giving.  We  are  in 
danger. 

There  is  danger  in  tenuous  remoteness  from  Mother  Nature.  Our 
inverted  occupational  pyramid  might  prove  unstable  in  the  face  of  vast 
catastrophe. 

Again,  in  our  great  production  per  worker  lies  hidden  some  impair- 
ment of  our  physical  base,  our  natural  endowment.  There  is  also  danger 
in  becoming  human  ants,  or  human  bees. 

It  is  clear  that  Volume  II  would  be  a  fat  volume  also.  Hence  let 
us  hasten  to  Volume  III,  which  in  effect  deals  with  "What  to  do  about 
it  all?" 

In  Volume  III  your  guess  is  as  good  as  mine,  and  perhaps  as  good 
as  that  of  the  Planners.  Yet  plan  we  must,  to  some  extent,  and  to  some 
degree,  somehow.  We  must  think  and  dream,  and  arrive  at  some  good 
recommendations. 


The  Rural  Nonfarm  Population  of  Indiana 


John   Fraser  Hart,  Indiana  University 

In  view  of  the  definitions  of  the  1950  Census  of  Population,  the 
rural  nonfarm  population  of  the  United  States  may  be  described  as  the 
"left-overs."  The  urban  population  includes  all  people  in  places  of 
2,500  or  more  inhabitants,  and  all  people  in  the  densely  settled  urban 
fringes  around  cities  of  50,000  or  more  (1).  The  rest  of  the  population 
is  classified  as  rural.  The  rural  farm  population  includes  all  persons 
living  on  farms.  The  rural  nonfarm  group  is  the  negatively  defined 
remainder,  that  is,  those  persons  who  do  not  live  in  urban  areas  and 
who  do  not  live  on  farms. 

In  1950  909,874  of  Indiana's  3,934,224  people— almost  a  quarter  of 
the  total — were  classified  in  the  rural  nonfarm  category   (Fig.   1)    (1). 
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In  terms  of  their  distribution,  the  rural  nonfarm  people  are  a  link  in 
the  continuum  between  extreme  urban  concentration  and  extreme  rural 
dispersion.  Slightly  more  than  a  third  of  the  state's  rural  nonfarm 
population  lived  in  villages;  approximately  20  percent  (177,111  persons) 
in  the  116  villages  of  1,000  to  2,500  persons,  and  about  16  percent  in 
the  299  villages  of  less  than  1,000  inhabitants  (Fig.  4)  (1).  It  must 
be  noted  that  the  Census  does  not  present  separate  data  on  the  popula- 
tion of  places  of  less  than  a  thousand  persons  unless  they  are  incor- 
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porated,  and  many  small  Indiana  villages  lie  outside  the  scope  of  this 
paper  for  that  reason.  The  village  population  forms  a  sizeable  proportion 
of  the  rural  nonfarm  population  of  the  state;  this  proportion  is  not  large 
enough,  however,  to  justify  use  of  the  term  "village  population"  as 
synonymous  with  "rural  nonfarm  population." 

The  greatest  density  of  villages  in  Indiana  is  found  in  an  east-west 
belt  across  the  central  part  of  the  state,  with  especially  heavy  concentra- 
tions near  Muncie  in  Grant,  Madison,  Henry,  and  Wayne  Counties 
(Fig.  2).  Villages  are  scattered  relatively  uniformly  across  the  north- 
eastern and  southwestern  parts  of  the  state,  but  are  somewhat  more 
sparse  in  the  northwest  and  extremely  sparse  in  the  southeast.  One 
must  remember  that  this  map  shows  villages  of  less  than  1,000  persons 
only  if  they  have  been  incorporated.  The  concentration  of  incorporated 
small  villages  in  certain  sections  of  the  state — northeast  of  Louisville 
or  east  of  Indianapolis,  for  instance — leads  one  to  suspect  that  there 
are  regional  variations  in  the  localized  historico-political  factors  con- 
ducive to  incorporation  of  small  villages.  It  would  appear  that  Tre- 
wartha's  upper  limit  of  150  persons  for  the  unincorporated  hamlet  may 
prove  applicable  only  coincidentally  outside  southeastern  Wisconsin  (3). 

Three  special  aspects  of  village  distribution  in  Indiana  merit  brief 
attention.  First,  the  apparent  lack  of  hexagonal  pattern,  as  hypothesized 
by  Christaller.  Second,  the  lineation  of  villages  along  transportation 
routes,  such  as  the  New  York  Central  Railroad  between  Indianapolis 
and  Chicago,  the  Monon  Railroad  and  U.S.  421  north  of  Lafayette,  and 
the  Pennsylvania  Railroad  and  U.  S.  31  between  Indianapolis  and  Louis- 
ville. Third,  the  lineation  of  villages  and  towns  along  the  outcrop  of  the 
Bedford  limestone.  Other  similar  relationships  are  readily  apparent  when 
the  map  is  closely  examined. 

The  village  population  of  Indiana  represents  but  little  more  than 
a  third  of  the  state's  rural  nonfarm  population.  In  the  absence  of  a 
single  term  to  describe  the  remainder,  I  have  tentatively  designated 
them  the  "unagglomerated  rural  nonfarm  population,"  as  in  theory 
they  are  dispersed  throughout  the  state  in  isolated  habitations  (2).  In 
point  of  fact,  however,  this  fraction  of  the  rural  nonfarm  population  is 
strikingly  concentrated.  These  people  may  live  in  the  open  country,  but 
they  live  largely  in  those  parts  of  the  open  country  which  are  close  to 
our  larger  urban  centers. 

Examination  of  the  distribution  of  the  unagglomerated  rural  nonfarm 
population  provides  ample  evidence  for  this  assertion  (Fig.  3).  Fifteen 
Indiana  counties  in  1950  had  an  unagglomerated  rural  nonfarm  popula- 
tion density  greater  than  25.0  persons  per  square  mile.  Eight  of  these 
counties  contained  parts  of  the  urban  fringes  of  metropolitan  centers 
(although  the  population  of  the  urban  fringe  proper  is  classified  as 
urban,  not  as  rural  nonfarm),  three  others  contained  one  city  larger 
than  25,000  and  a  second  larger  than  10,000,  and  the  other  four  each 
contained  one  city  of  at  least  25,000  persons.  In  short,  every  county 
with  a  density  greater  than  25.0  unagglomerated  rural  nonfarm  persons 
per  square  mile  also  contained  a  city  of  at  least  25,000  persons.  Con- 
versely, fourteen  of  the  sixteen  Indiana  cities  of  more  than  25,000  per- 
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sons — and  all  of  the  metropolitan  centers — were  in  counties  with  at 
least  25.0  unagglomerated  rural  nonfarm  persons  per  square  mile.  This 
fact  is  especially  striking  in  view  of  the  exclusion  from  the  rural  non- 
farm  category  of  all  persons  in  the  densely  settled  urban  fringes  of 
metropolitan  centers. 

The  evidence  is  not  so  overwhelming,  but  nevertheless  convincing, 
in  the  counties  with  sparser  unagglomerated  rural  nonfarm  population 
per  square  mile.  Eighteen  counties  had  densities  ranging  from  14.0  to 
25.0  per  square  mile.  Ten  of  these  counties  had  one  city  of  10,000  per- 
sons or  more,  and  six  were  adjacent  to  counties  containing  metropolitan 
centers.  The  relatively  great  densities  in  southwestern  Indiana,  which 
are  not  associated  with  urban  centers,  presumably  result  from  the  tradi- 
tional settlement  pattern  of  small  unincorporated  villages  in  mining 
areas. 

Indiana's  cities  of  ten  to  twenty-five  thousand  persons  have  not 
proven  as  great  a  magnet  for  unagglomerated  rural  nonfarm  people 
as  have  the  larger  cities.  Only  twelve  of  the  eighteen  are  in  counties 
with  as  many  as  14.0  unagglomerated  rural  nonfarm  persons  per  square 
mile,  and  two  such  cities  are  in  counties  in  each  of  the  three  lowest 
density  categories.  One  possible  explanation  is  that  the  limits  of  the 
small  city  enclose  a  relatively  large  area,  thus  precluding  the  necessity 
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of  moving  outside  the  city  to  find  "elbow  room."  Nevertheless,  further 
investigation  should  discover  why  these  cities,  especially  Crawfordsville 
and  Washington,  are  in  counties  with  such  low  densities  of  unagglom- 
erated  rural  nonfarm  population. 

Summary  and  Conclusions 

The  rural  nonfarm  population  of  Indiana  in  1950  was  concentrated 
in  villages  and  selected  counties  (Fig.  4).  Almost  20  percent  lived  in 
large  villages  of  1,000  to  2,500  persons,  and  approximately  16  percent 
lived  in  incorporated  small  villages  of  less  than  1,000.  Seventeen  percent 
lived  in  eight  counties  with  metropolitan  centers,  13  percent  in  nine 
counties  with  cities  of  25,000  persons  or  more,  and  10  percent  in  fourteen 
counties  with  cities  of  10,000  or  more.  In  short,  more  than  a  third  of 
Indiana's  rural  nonfarm  population  was  in  her  villages,  and  two-fifths 
was  concentrated  in  31  counties  with  cities  over  10,000.  The  other  68 
counties  had  only  a  quarter  of  the  state's  rural  nonfarm  population  (if 
their  villages  be  excluded). 

Three  fundamental  conclusions  can  be  derived  from  this  considera- 
tion of  the  distribution  of  Indiana's  rural  nonfarm  population: 

(1)  The  rural  nonfarm  population  consists  of  two  distinct  groups, 
the  village  population  and  the  unagglomerated  population;  further  re- 
search should  determine  whether  these  two  groups  should  even  be 
grouped  in  the  same  major  demographic  category. 
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(2)  To  the  extent  that  "rural"  has  connotations  of  "agricultural" — 
and  it  certainly  has  these  connotations  among  many  social  scientists — 
to  this  extent,  the  term  "rural  nonfarm"  is  not  only  self-contradictory, 
but  is  definitely  inappropriate  for  the  vast  majority  of  the  rural  nonfarm 
population;  some  such  term  as  "semi-urban"  would  appear  much  more 
fitting. 

(3)  There  obviously  is  a  close  relationship  between  the  distribution 
of  the  urban  population  and  the  unagglomerated  rural  nonfarm  popula- 
tion. Efforts  thus  far  to  quantify  this  relationship  have  proven  abortive, 
but  further  research  should  reveal  a  formula  or  equation  appropriate 
to  represent  this  relationship. 
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Manufactural  Geography  of  Michigan  City,  Indiana1 

Alfred  H.  Meyer  and  Paul  F.  Miller,  Valparaiso  University 

Forty  miles  to  the  east  of  Chicago  is  Michigan  City  (Fig.  1),  a 
small  to  moderate-sized  summer  resort  and  industrial  city  of  30,000 
people.  A  port  on  Lake  Michigan,  it  was  once  considered  a  competitor 
of  Chicago  and  thought  to  be  the  best  place  for  the  development  of  a 
head  of  Lake  Michigan  port.  Chicago  with  its  Illinois  waterway  connec- 
tions, however,  achieved  this  distinction,  and  for  decades  Michigan  City 
was  in  the  backwash  of  Chicago's  rapid  growth.  Today,  however,  Michigan 
City  derives  many  benefits  from  proximity  to  the  Midwest  metropolis. 
Dunes,  sand  beaches,  harbor,  and  the  International  Friendship  Gardens 
enhance  its  role  as  a  summer  resort  for  many  hundreds  of  Chicagoans. 
Most  important,  however,  are  local  industries  which  take  advantage  of 
Chicago's  markets,  products,  and  transportational  facilities.  Located  in 
the  extreme  eastern  edge  of  the  Greater  Calumet  Region,  Michigan  City 
will  increasingly  be  linked  to  Chicago  as  that  city's  metropolitan  area 
creeps  continually  outward. 

Metal-working  is  the  predominant  manufactural  activity,  with  60 
percent  of  the  total  plants  and  80  percent  of  the  total  manufactural 
labor  force.  Within  the  general  category  of  metals,  metal  fabrications 
is  easily  dominant  (15  plants).  Compared  with  the  nearby  town  of 
LaPorte,  there  are,  singularly,  only  five  machinery-producing  establish- 
ments. More  economically  significant  than  this,  however,  is  the  fact 
that  for  decades  this  city  has  been  known  as  a  "one-factory"  town. 

The    Historical    Geography    Factor    of    Industrial    Development 

The  history  of  geographic  "planning"  for  a  commercial-industrial 
metropolis  for  the  Midwest  at  the  head  of  Lake  Michigan  may  be  said  to 
go  back  to  the  early  decades  of  the  nineteenth  century.  The  primary 
Calumet  pioneer  interest  centered  on  the  shoreline  of  Lake  Michigan 
or  on  the  lower  courses  of  streams  confluent  with  the  lake.  Of  unusual 
interest  here  is  the  competition  between  various  lake-river  sites  extending 
from  Michigan  City  on  the  east  to  Chicago  (Fort  Dearborn)  on  the  west. 
Such  were  the  paper-platted  communities  of  Michigan  City  itself  at  the 
mouth  of  Trail  Creek,  City  West  at  the  mouth  of  Fort  Creek  (presently 
Waverly  Beach),  and  Indiana  City  at  the  east  (now  extinct)  mouth  of 
the  Grand  Calumet  River  (See  Fig.  1).  Included  also  were  the  "phantom" 
city  river  sites  of  Baileytown  on  the  Little  Calumet  River,  Manchester 
near  the  confluence  of  Salt  Creek  with  the  Little  Calumet,  and  Liverpool 
near  the  juncture  of  Deep  River  with  the  Little  Calumet.    All  of  these 


1.  This  study  is  based  on  a  field  survey  conducted  by  means  of  a  question- 
naire, personal  interviews,  and  local  field  observations.  It  is  the  second  of  a 
series  of  geographic  surveys  of  manufacturing  establishments  of  the  leading 
industrial  communities  of  the  Calumet  region,  the  first,  that  of  LaPorte,  having 
been  published  previously  in  the  Proceedings  (7).  Some  fifty  classified  items  have 
been  inventoried  and  analyzed.  Attention  has  been  focused  on  those  elements 
of  the  manufacturing  pattern  which  most  significantly  reflect  relevance  to  the 
locational  factors  and  areal  features. 
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speculative  real  estate  developments  proved  abortive  except,  of  course, 
Michigan  City  and  Chicago. 

Michigan  City,  laid  out  in  1832,  vied  with  Chicago  for  industrial- 
commercial  supremacy.  It's  early  industry  was  centered  on  lumbering 
and  flour  milling.  Located  in  a  well-timbered  section  stocked  with  both 
hardwood  and  conifer  trees  of  good  merchantable  quality  (8),  the  com- 
munity early  became  a  center  of  lumber  supply  not  only  for  the  northern 
part  of  Indiana,  but  for  export  as  well,  notably  helping  build  Chicago  in 
the  prairie  section  of  northeast  Illinois. 

Michigan  City  was  also  noted  for  its  milling  and  trade  in  flour, 
merchants  coming  from  as  far  as  Chicago,  Joliet,  Galena,  and  Rockford, 
in  Illinois  (1).  With  various  appropriations  for  the  improvement  of 
the  Michigan  City  harbor  by  Congress,  starting  in  1836  in  President 
Jackson's  administration,  both  industries  and  commerce  came  to  have 
increasing  significance. 

However,  Michigan  City  was  eventually  to  lose  the  race  with  Chi- 
cago. For  one  thing,  Trail  Creek  was  not  quite  the  equal  to  Chicago 
River  in  commercial  importance,  particularly  since  its  headwaters 
could  not  be  tied  into  such  a  navigable  system  as  the  Michigan-Illinois- 
Mississippi  waterways.  Accordingly,  when  the  Illinois-Michigan  Canal 
was  built  (1848),  Chicago  had  a  great  commercial  advantage.  There 
were  additional  factors. 

The  era  of  railroad  building  in  the  Calumet  area  resulted  in  a  new 
industrial  setting  beginning,  as  far  as  Michigan  City  is  concerned,  with 
the  building  of  the  Michigan  Central  in  1851,  followed  by  the  Lake 
Shore  in  1852.  Factory  buildings  of  considerable  magnitude  came  to 
be  established.  The  earliest  and  most  important  among  these  was  the 
Haskell-Barker  plant,  now  known  as  the  Pullman  Standard  Car  Manu- 
facturing Company,  manufacturers  of  freight  cars,  founded  in  1851, 
and  still  operating. 

A  summary  periodic  inventory  on  the  increasing  number  of  plants 
built  and  still  extant  may  give  some  idea  as  to  the  subsequent  manu- 
facturing growth:  Three  or  more  of  such  buildings,  still  standing, 
belong  to  the  period  1875-1900;  16  were  built  during  1900-1925;  and 
17  were  started  in  the  last  several  decades. 

The   Chorographic   and  Topographic   Factors  of  Industrial  Locations 

Since  this  is  a  study  in  economic  geography  rather  than  in  eco- 
nomics, it  is  essential  to  focus  our  attention  on  manufacturing  estab- 
lishments from  the  angle  of  the  space  relationships  (relative  location) 
of  all  relevant  phenomena.  This  includes  consideration  of  location,  of 
topographic  site,  of  the  region,  of  sources  of  raw  materials,  of  the 
markets,  of  labor,  and  of  transportation  facilities.  The  authors  recog- 
nize that  the  specific  factor  of  location  does  not  in  itself  determine  the 
selection  of  a  site  for  a  factory.  It  would,  therefore,  be  unrealistic  for 
a  geographer  to  conclude  that  any  one  site  factor  or  even  a  combination 
of  site  factors  is  a  determining  issue.  However,  when  industrialists 
themselves,  upon  interviews,  declare  specific  reasons  for  locating  in  the 
area,  such  reasons  establish  explanatory  validity.    Accordingly,  we  have 
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Fig.  1 — Michigan  City,  at  the  eastern  shoreway  entrance  to  the  Calumet 
region,  originally  vied  with  Chicago  for  head  of  Lake  Michigan  port  and  indus- 
trial supremacy.  Besides  exhibiting  the  geographic  character  of  the  Michigan 
City  locale,  this  map  features  its  present  transportation  tie-up  with  the  Chicago 
metropolitan  community  and  the  other  chief  industrial  centers  with  which  there 
are  close  commercial  relations,  involving  movement  of  both  raw  materials  and 
manufactured  products. 
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explored  and  tabulated  into  several  categories  such  reasons,  listing  them 
as  follows  in  the  order  of  approximate  relative  importance,  the  most 
frequent  and  significant  occurring  first. 

1.  Regional  Situation — At  least  a  third  of  respondents  indicated 
regionality  to  be  a  leading  factor  in  industrial  location.  Thus  such  ob- 
servations as:  central  location;  close  in  to  midwestern  plants;  centrally 
located  markets;  closeness  to  raw  materials;  branch  plant  needed  near 
the  Calumet  region  for  supplying  the  refineries  in  the  area  since  Dallas, 
Texas  plant  made  cost  of  shipping  materials  to  the  region  expensive; 
no  other  job  electroplating  in  this  territory.  Six  industrialists  in  this 
category  mentioned  specifically  the  proximity  to  Chicago  as  a  geo- 
graphic selective  factor  of  plant  location. 

2.  Transportation — Transportation  facilities,  as  we  might  expect, 
played  a  leading  role  as  a  plant  location  factor.  The  following  com- 
ments are  representative:  good  transportation;  must  be  on  a  railroad; 
good  railroad  location,  proximity  to  railroads;  favorable  freight  rates; 
located  beside  harbor;  harbor  and  railroad  significant;  close  to  Chicago 
trucking  lines. 

3.  Land  and  Building  Availability — Reasonably  priced  land  and 
the  possible  occupance  of  pre-existing  structures  also  at  a  reasonable 
figure  have  played  an  important  role,  sometimes  the  "determining"  one 
in  plant  location  or  relocation.  Available  land;  acreage  suitable;  land 
abundant;  room  for  expansion;  no  room  in  Chicago  are  typical  ex- 
pressions in  this  category. 

And  as  for  buildings,  about  a  half  score  indicated  this  as  a  leading- 
consideration,  of  which  the  following  comments  are  representative: 
suitable  building  which  didn't  cost  much,  purchased  from  another 
company  which  was  moving  out;  plant  just  happened  to  be  for  sale  at 
a  time  when  such  facilities  were  needed  for  expansion. 

4.  Labor  Availability — The  adequacy  and  quality  of  skilled  work- 
men in  Michigan  City  have  been  significant  factors  in  attracting  in- 
dustry. Representative  comments  are:  an  advantageous  labor  market; 
good  and  abundant  labor  supply;  skilled  or  trained  labor  supply;  labor 
supply  immediately  surrounding  building. 

5.  Living  Conditions — Michigan  City  prides  itself  on  the  high 
cultural  standards  of  its  citizenry;  also  on  its  beautiful  varied  home- 
sites  in  the  city  proper,  on  the  beach,  in  the  dunes,  and  in  the  forested 
section.  Consequently,  management  and  employees  alike  are  attracted 
to  this  area;  in  some  cases  it  was  the  plant  owner's  home,  to  start  with. 
The  eight  responses  on  this  may  be  simply  summarized  by  the  state- 
ment of  two  of  the  interviewees:  "Michigan  City  is  a  nice  place  to  live"; 
and  "This  was  the  owner's  own  home  town." 

6.  Miscellaneous  Factors — Cheap  water;  reasonable  taxes;  dona- 
tion of  land;  a  government  contract  calling  for  expansion  most  favored 
here  are  among  the  varied  other  reasons  given  for  plant  location  in  the 
community.  It  should  perhaps  be  added  here  that  "no  particular 
reason,"  as  given  in  some  cases,  may  represent  unconsciously  a  complex 
set  of  circumstances  not  readily  recalled  or  analyzable. 
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The  Manufactural  Pattern 

The  distribution  of  manufacturing  establishments  (Fig.  2)  can  be 
explained  essentially  by  the  factors  of  transportation,  land  values,  and 
historical  centricity.  These  and  such  other  factors  as  availability  of 
factory  buildings  and  land-use  competition  combine  to  effect  a  pattern 
of  plants  peripheral  to  the  residential  and  commercial  area.  The  total 
historical  importance  of  transportational  facilities  is  the  primary  ele- 
ment underlying  the  pattern  of  the  several  districts.  Its  43  factories 
can  be  areally  related  to  four  concentrations,  each  of  which  displays  a 
certain  homogeneity  in  terms  of  varying  factors.  The  four  districts  are 
Trail  Creek,  Western  Railroad,  Eastern  Railroad,  and  the  Dunes. 

The  Trail  Creek  District  (No.  1  on  the  map),  the  oldest  of  the  four, 
is  situated  at  the  local  focus  of  transportation.  Converging  here  are 
the  Michigan  Central,  the  Monon,  and  the  Nickle  Plate  railroads  and  the 
city's  harbor.  Several  of  the  plants  in  this  district  were  located  here  to 
take  advantage  of  the  water-borne  trade  of  lumber  and  other  com- 
modities. Initially  marshy  and  vacant,  this  area  is  not  static,  for  the 
city's  growth  has  enfolded  it.  Here  stand  the  old  relict  box-like  three- 
story  brick  buildings,  some  of  which  are  still  functional.  Sub-standard 
housing  in  part  envelopes  this  area. 

The  Western  Railroad  District  (No.  2)  is  centered  upon  the  junction 
of  the  Michigan  Central,  the  Monon,  and  the  South  Shore  railroads. 
The  two  factories  of  Pullman-Standard  easily  dominate  this  area. 
Although  some  new  plants  are  situated  here,  this  district  is  moderately 
old.  New  residential  developments  have  bypassed  these  factories,  thus 
enclosing  this  once  peripheral  district.  Three  of  the  five  clothing  estab- 
lishments are  concentrated  here. 

The  Eastern  Railroad  District  (No.  3)  is  centered  around  the 
crossing  of  the  South  Shore  and  the  Nickle  Plate,  where  both  lines 
have  switching  yards.  The  land  adjacent  to  the  Pere  Marquette  Rail- 
road, with  two  plants,  is  also  included  within  this  district.  This  section 
is  distinctive  for  two  reasons.  All  of  the  establishments  manufacture 
metal  goods.  Also  the  buildings  were  constructed  in  the  period  1908  to 
1927  when  land  was  available.  With  town  growth,  however,  residential 
development  is  enveloping  this  district. 

The  Dunes  District  (No.  4)  sprawls  out  eastward  from  the  junction 
of  the  Michigan  Central  and  the  Nickle  Plate  railroads.  With  few 
exceptions,  this  region  is  composed  of  buildings  constructed  in  the 
decade  1940-1950.  Chief  among  the  locational  advantages  of  this  area 
is  that  of  land  availability.  Tracks  of  sandy  and  marshy  land  at  lower 
cost  and  without  zoning  restriction  are  still  available  there.  Trans- 
portation is  provided  by  the  Michigan  Central  Railroad  and  highway 
US  12. 

Consideration  of  Alternative  Plant  Sites 

Interviewees  were  asked  whether  alternative  sites  had  been  con- 
sidered. The  number  of  those  responding  in  the  negative  outnumbered 
those  responding  in  the  affirmative,  about  two  to  one.  From  this  it 
would  appear  that  manufacturers  as  a  group  are  regionally  dis- 
criminating only  to  a  limited  extent.    Those  who  did  consider  alternate 


FABRICATED  METALS  is  plants 
APPAREL  5  PLANTS 

TRANSPORTATION       *  plants 
FURNITURE  *  plants 


CHEMICAL 
MACHINERY 
MISCELLANEOUS 
MFG.  DISTRICTS 


*  PLANTS 
5  PLANTS    WM 
7  PLANTS     ISi 
t 


Fig.  2 — Manufactural  pattern  of  Michigan  City  and  its  relation  to  transporta- 
tion facilities.  For  mappable  reproduction  expediency,  the  various  types  of 
manufacturing  have  been  reduced  to  seven  groups.  The  geographic  pattern  lends 
itself  to  a  four-fold  area  differentiation  shown  on  the  map  and  described  in  the 
text,  namely:  1.  The  Trail  Creek  District,  2.  The  Western  Railroad  District, 
3.    The  Eastern  Railroad  District,  and  4.  The  Dunes  District. 
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locations  had  in  mind  places  like  Elgin,  Aurora,  Rockford,  and  Chicago, 
Illinois;  St.  Louis,  Missouri,  and  Benton  Harbor,  Michigan.  In  weighing 
the  advantages  of  the  Michigan  City  site,  geographic  factors  such  as 
the  following  were  considered:  East  Chicago  being  close  to  the  re- 
fineries of  Whiting  and  surrounding  area;  centrally  located  in  midwest; 
centrality  of  location;  iron  and  timber  from  the  north,  coal  from  the 
south  (Pullman  Standard  Car  Manufacturing  Company);  St.  Louis, 
center  of  distribution,  but  further  from  material  supply  than  Michigan 
City. 

Reasons  given  for  some  plants  being  moved  from  a  former  location 
to  Michigan  City  included:  expansion  of  plant  couldn't  be  considered  in 
Chicago,  taxes  lower  in  Michigan  City;  better  living  conditions  for  the 
owners  in  Michigan  City;  Chicago  plant  was  given  up  after  being  leased 
to  government;   expansion  room   in  Chicago  not  sufficient. 

Original  location  of  plants  included  Niagara  Falls,  Little  Falls  and 
Poughkeepsie,  New  York;  Claremont,  New  Hampshire;  Marshaltown, 
Iowa;  Covington,  Kentucky;  Greensburg  and  LaPorte,  Indiana;  Geneva, 
Illinois;  Cincinnati,  Boston,  and  Chicago.  At  least  thirteen  Chicago 
firms  moved  their  main  plant  to  Michigan  City  or  established  branch 
plants  in  Michigan  City. 

Manufactural  Structure 

The  following  table  is  a  breakdown  of  employment  by  plant  type 
classification  of  the  total  Michigan  City  manufactura1  labor  force. 

TABLE  I 


Total 

Per  Cent 

in 

Per  Cent  in 

Group 

Employed 

Michigan  City 

Indiana  (2,4) 

Clothing 

600 

8.0 

2.7 

Furniture 

620 

8.3 

3.5 

Chemicals 

150 

2.0 

3.7 

Primary    metals 

0 

0.0 

15.0 

Fabricated   metals 

2200 

29.3 

7.0 

Machinery 

(Elec;    Non-Elec.) 

1000 

13.3 

23.0 

Transportation   equipment 

2150 

28.7 

17.0 

All   other 

780 

10.4 



Three  striking  percentages  are  portrayed  by  these  data.  Fabri- 
cated metal  products  are  the  single  most  important  manufactural  cate- 
gory with  fifteen  plants  and  29.3  per  cent  of  the  local  manufactural 
labor  force.  Within  this  type  are  seven  factories  producing  heating  and 
plumbing  equipment.  The  transportation  equipment  industry  is  repre- 
sented by  four  plants  with  28.7  per  cent  of  the  local  total.  In  order  of 
importance,  this  group  includes  boxcars,  automotive  parts,  and  bicycles. 
The  producer  of  boxcars  is  the  largest  factory  employing  2^  times  as 
many  as  the  next  largest.    As  local  diversification  has  progressed,  this 
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category  is  becoming  relatively  less  important.  Only  five  plants,  with 
13.3  per  cent  of  the  labor  force,  produce  machinery  products.  The 
largest  of  these,  the  Joy  concern,  is  world-known  for  its  mining 
machinery.  Three  plants  produce  radio  or  television  equipment.  The 
four  furniture  producers  utilize  8.3  per  cent  of  the  labor  total.  Three 
of  these  use  metal  and  are  important  makers  of  non-residential  metal 
furniture.  Five  smaller  concerns,  with  8  per  cent,  make  clothing  and 
are  the  contemporary  representatives  of  a  well-established  type  of  local 
manufacturing.  Three  plants,  with  2.0  per  cent  of  those  employed, 
manufacture  chemical  products.  American  Cyanimid's  plant  is  that 
concern's  regional  producer  of  catalysts.  Besides  the  above  listed,  there 
are  seven  plants,  with  10.4  per  cent  of  those  employed,  which  produce 
varied  products.  The  largest,  Blocksam  and  Co.,  produces  curled  hair 
for  packing. 

The  structure  of  manufacturing  in  Michigan  City  differs  from  that 
of  Indiana  generally  in  three  ways.  In  Indiana  as  a  whole,  machinery, 
transportation  equipment,  and  primary  metals,  in  that  order  are  the 
outstanding  manufactures.  Michigan  City  deviates  from  the  state 
averages  in  that  fabricated  metals  are  pre-eminent,  transportation  equip- 
ment is  even  more  significant  than  the  high  state  figure,  and  machinery 
(both  electric  and  other)  is  locally  comparatively  minor  (2).  Michigan 
City's  distinctiveness  is  based  upon  the  presence  of  many  factories 
producing  a  wide  variety  of  metal  manufactures. 

Related  Elements 

Materials — With  such  an  emphasis  upon  metal  goods,  Michigan 
City  is  well  situated  to  receive  the  steel  and  diverse  steel  products  of 
the  Chicago-Calumet  complex.  Because  of  this,  the  Chicago-Calumet 
region  is  the  chief  source  of  raw  and  processed  materials.  To  a  lesser 
extent,  however,  steel  is  gotten  from  Ohio,  Pennsylvania,  and  even 
from  Germany.  Wood  is  imported  from  Memphis  and  the  Northwest; 
Hardware  from  New  England;  a  variety  of  other  materials  is  procured 
from  local,  national,  and  foreign  sources. 

Markets — There  is  a  definite  concentration  of  markets  in  the  eastern 
two-thirds  of  the  United  States.  Especially  important  within  this  region 
is  the  Chicago  Metropolitan  area  and  the  large  cities  in  the  American 
Manufacturing  belt.  Eleven  manufacturers  export  to  foreign  countries, 
notably  Canada,  Cuba,  and  Venezuela.  Goods  are  also  sent  to  Europe, 
Africa,  South  American  countries  and  certain  Pacific  countries.  Al- 
though the  percentage  exported  is  generally  small,  14  per  cent  of  the 
mining  machinery  and  10  per  cent  of  the  refrigerators  are  sent  to 
foreign  markets.  Four  plants  produce  for  the  county  market  such 
manufactures  as  packing  materials,  boxes,  and  concrete  objects.  Sev- 
eral concerns  mentioned  an  intensified  marketing  effort  through  the 
introduction  of  new  products  and  concentration  upon  the  southern  and 
western  states. 

Labor — The  43  manufacturing  establishments  employ  approximately 
7500  persons.  The  accompanying  table  indicates  that  this  total  has 
varied  by  as  much  as  2300  in  a  one-year  period.  Of  the  total  employed, 
about  1500,  or  20  per  cent  are  female.    In  the  decade  1940-1950,  there 


Geology  and  Geography  189 


TABLE  II  (6) 


Labor  Trends 
(Based  upon  27  Reporting  Industries) 


Nov.  53     Sept.  54     Jan.  55     Mar.  55     July  55     Sept.  55 

Employment  7667  5364  5882  5891  6210  6691 

Unemployment 

(Compensation 

claims)  566  4112  2460  1448  1185  494 


was  an  increase  in  the  non-white  population  from  4.0  to  6.5  per  cent  of 
the  total. 

Compared  with  such  nearby  communities  as  LaPorte  and  Valparaiso, 
the  labor  source  of  Michigan  City  is  rather  restricted  in  terms  of  radial 
dimensions.  The  competitive  labor  attraction  of  South  Bend,  LaPorte, 
and  Gary  serves  to  limit  the  source  area  to  a  general  radius  of  15  miles. 
The  great  majority  of  labor,  then,  is  local  and  comes  from  Michigan  City 
and  its  satellite  rurban  periphery.  To  a  very  limited  extent,  however, 
labor  also  comes  from  Gary  and  LaPorte,  Indiana;  and  New  Buffalo, 
Michigan.  The  comparatively  poor  farm  country  found  in  this  region  of 
moraine,  marsh,  and  dune,  limits  the  number  of  farm  help  for  industry. 

In  1932,  about  4,400  people  were  employed  in  local  manufacturing 
(9).  On  the  basis  of  the  1930  population  census  (26,735),  the  percentage 
of  those  employed  in  manufacturing  was  16  per  cent.  In  1955,  with  a 
population  of  30,000  and  a  manufactural  labor  force  of  some  7,500,  this 
percentage  has  increased  to  25  per  cent.  Not  only  has  there  been  an 
increase  in  the  ratio  of  the  manufacturally  employed  to  the  total  popula- 
tion, but  this  increase  has  been  synchronous  with  local  diversification  of 
manufacturing.  Indicative  of  this  trend  is  the  change  in  relative  im- 
portance of  the  Pullman  Standard  plant.  Although  this  concern  employed 
one-half  of  the  local  total  in  1932,  the  contemporary  ratio  is  now  less 
than  one-fourth.  It  should  be  apparent  that  such  a  change  is  for  the 
economic  well-being  of  the  community.  That  this  trend  is  not  yet 
adequately  developed  can  be  illustrated  by  recent  unemployment  sta- 
tistics. Of  the  27  Indiana  cities  for  which  data  is  given  in  the  September 
issue  of  the  Indiana  Business  Review  (3)  only  one,  Hammond,  had  a 
smaller  improvement  in  the  unemployment  situation.  The  statistics  com- 
pare the  year  ending  in  August  21,  1955  with  the  previous  year.  Al- 
though the  average  improvement  of  the  reporting  cities  was  41.5  per 
cent,  Michigan  City  showed  only  a  10.6  per  cent  improvement. 

Michigan  City  has  been  described  as  a  labor  surplus  area,  a  fact 
which,  to  a  great  extent,  can  be  attributed  to  the  presence  of  Pullman 
Standard.  The  situation  was  described  in  the  Area  Labor  Market  Letter 
(5)  as  follows:  "Manufacturing  establishments  indicated  only  a  slight 
total  increase.  Gains  of  only  slight  proportions  are  expected  by  most  of 
the  firms.  The  gain  will  be  wiped  out  by  a  loss  in  one  firm.  This  firm  in 
the  transportation  equipment  category  still  influences  the  total  picture. 
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It  has  been  difficult  for  them  to  maintain  stable  employment,  because  of 
lack  of  orders." 

Often  a  new  order  in  this  plant  means  the  re-employment  of  a  few 
hundred  workers,  while  the  completion  of  an  order  signals  a  lay-off.  Still 
another  instance  of  manufacturing*  instability  is  the  presence  of  an 
ordnance  plant  under  government  contract.  With  a  peak  employment  of 
550,  this  establishment,  because  of  its  smaller  size,  does  not  have  the 
same  effect  as  the  aforementioned  concern.  Although  an  employment 
surplus  is  not  favorable  for  the  community  as  a  whole,  this  surplus 
assures  local  industry  an  ample  pool  of  available  workers.  In  interview, 
several  plant  managers  specifically  mentioned  the  abundant  labor  supply 
as  a  major  location  factor. 

Transportation 

Focusing  upon  Michigan  City  are  Ave  rail  lines  (one  electric),  high- 
ways US  12,  20,  35,  421  and  State  highway  212  (Figs.  1,  2  and  3).  In 
addition  to  these,  the  other  major  transportation  lines  of  the  Greater 
Calumet  are  accessible  to  Michigan  City.  Of  the  forty-four  truck  lines 
that  service  this  community,  eight  maintain  local  offices.  Michigan  City 
will  also  have  ready  access  to  the  East-West  Toll  Road,  scheduled  to  be 
completed  by  the  close  of  1956  (Fig.  1).  This  route  will  make  possible 
24-hour  truck  service  to  New  York  City. 

To  the  extent  that  local  manufacturers  ship  eastward,  Michigan  City 
is  advantageously  located  ratewise.  If  goods  are  shipped  by  rail  to  New 
York  City,  there  is  a  3  per  cent  first  class  rate  advantage  over  the 
Chicago  district.  Likewise,  there  is  5  per  cent  advantage,  when  first  class 
goods  are  shipped  by  truck  to  Detroit.  However,  in  shipping  westward 
and  southward,  Chicago  generally  has  a  definite  freight  rate  advantage. 
Shipping  to  the  West  Coast  by  rail,  for  example,  Michigan  City  has  a 
11^4  per  cent  disadvantage  on  first  class  goods  in  comparison  with 
Chicago. 

Industrial  Planning  and  Zoning 

In  this  section  of  our  questionnaire  the  question  was  asked,  "Are 
local  and  regional  zoning  and  geographic  planning  ordinances  adequate  to 
meet  all  the  needs  of  your  plant  for  present  operations?"  In  terms  of 
present  needs  it  appears  that  in  the  majority  of  cases  site  conditions  of 
place  and  space  were  satisfactory.  Several  indicated  specific  need  for 
additional  parking  space  for  commercial  vehicles  and  warehouse  space 
for  storage.  A  few  respondents  associated  the  present  needs  with  those 
of  the  near  future  with  such  comments  as  the  following:  "There  is  a 
lack  of  good  industrial  area  for  plant  location,"  and  "City  should  have 
more  zoned  industrial  land  within  city  limits."  A  casual  look  at  the 
zoning  map    (Fig.   3)    may  give  the  impression  that  areawise  there  is 

Fig.  3 — Reflective  of  Michigan  City's  geographic  thinking,  past  and  present, 
on  community  zoning  and  planning,  this  map  features  the  space  relationships 
of  the  industrial  districts  to  the  districts  zoned  for  business  and  for  residence, 
as  well  as  the  new  industrial  districts  (A,  B,  and  C)  being  opened  up  on  the 
south  side.  (Adapted  after  the  Michigan  City  Zoning  Map  of  1940  and  the  new 
plat  extension  map,  The  Greater  Michigan  City  Industrial  Area,  as  of  October, 
1955.) 


192  Indiana  Academy  of  Science 

enough  land  now  within  the  city  zoned  for  industry.  It  is  not  infrequent 
to  find  communities  in  the  state  which  have  mapped  out  more  industrial 
area  than  apparently  will  be  needed.  But  adequacy  of  industrial  land  must 
be  evaluated  in  terms  of  both  quality  and  quantity.  In  the  case  of 
Michigan  City  various  aspects  of  industrial  occupance  of  site  must  be 
considered,  such  as:  future  expansion  of  several  of  the  larger  plants 
already  on  site;  land  on  lakeshore  under  riparian  rights  or  held  for 
harbor  facilities;  sites  at  the  moment  unadapted,  such  as  dune  land  or 
poorly  drained  areas;  sites  remotely  distant  from  sewer  and  water 
facilities;  and  sites  occupied  in  part  by  residences  held  at  too  high  a 
figure. 

Mr.  William  R.  Bartlett,  Chairman  of  the  Michigan  Zoning  Board, 
points  to  the  following  main  reasons  for  choosing  an  industrial  location: 
"1.  A  location  that  is  visible  from  a  well-traveled  highway,  because  of 
the  tremendous  values  in  advertising-  and  accessibility;  2.  availability  of 
water,  power,  and  sewage  disposal;  3.  well  graded  and  drained  land;  and 
4.  an  area  free  from  substandard  housing.,, 

The  next  question  asked  was  with  reference  to  anticipated  future 
plant  expansion.  Practically  all  interviewees  agreed  that  the  new  tracts 
of  land  now  being  purchased  and  allocated  to  industrial  use  on  the  south 
end  of  the  city  will  take  care  of  the  industrial  needs  for  the  foreseeable 
future.  Part  of  this  newly  acquired  industrial  land  has  already  been 
annexed  to  the  city  (Fig.  3).  The  projected  program  for  industrial  land 
expansion  on  the  south  side  is  based  on  the  philosophy  that  a  growing 
community  must  be  areally  conscious  of  the  growing  needs  of  the  various 
components  of  society  and  industry,  properly  co-ordinated.  Significantly 
relevant  here  also  are  the  observations  by  Mr.  Bartlett.  After  pointing 
out  such  industrial  advantages  as  adequate  utilities,  including  an  abund- 
ance of  water  and  proper  sanitation  and  sewage  disposal,  Mr.  Bartlett 
emphasized  the  need  of  maintaining  and  further  developing  high  stand- 
ards of  livability,  including  the  promotion  of  a  good  school  system, 
recreational  functions,  and  resort  facilities. 

Because  of  this  emphasis  on  a  "good  life"  as  well  as  a  "good  living," 
it  was  stated  that  the  community  is  preparing  to  expand  opportunities 
for  the  smaller  and  lighter  industries  rather  than  planning  for  the  larger 
and  heavy  industries.  And  types  of  industries  which  would  in  any  major 
way  interfere  with  the  wholesome  residential  development  of  Michigan 
City  are  not  being  sought.  It  was  further  noted  that  the  community  is 
not  aspiring  to  become  a  very  large  industrial  center,  but  rather  seeking 
a  goal  of  population  expansion  of  perhaps  not  much  more  than  two  times 
the  present  size. 

When  asked  specifically  about  the  attitude  of  the  community  towards 
the  possible  development  of  a  deep  harbor  at  Michigan  City,  proposed  as 
part  of  the  new  St.  Lawrence  Seaway  project,  Mr.  Bartlett  replied  that 
here  also  lighter  commercial  vessels  in  the  harbor  would  be  preferable  to 
large  ore  boats.  It  was  his  conviction  that  most  of  the  commercial  estab- 
lishments and  the  community  would  profit  more  by  such  a  harbor  estab- 
lished at  the  mouth  of  Burns'  Ditch,  less  than  fifteen  miles  to  the  west, 
a  site  currently  approved  by  many  Indiana  harbor  proponents  (Fig.  1). 
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Despite  the  emphasis  on  the  maintenance  of  a  high  cultural  level  in 
the  community,  there  is  a  strong  promotional  program  for  expanding 
industrial  facilities.  Again  quoting  Mr.  Bartlett:  "We  are  experiencing 
today  a  new  and  awakened  interest  in  many  groups  and  individuals  that 
have  heretofore  remained  indifferent  to  or  even  hostile  to  Industrial 
Development.  Many  of  these  people  are  discovering  that  more  important 
and  above  all,  industries  provide  jobs  for  a  growing  population;  lessen  the 
risk  of  dependance  upon  a  single  industry;  widen  the  tax  base;  and  there- 
by lessen  the  burden  of  increasing  cost  of  municipal  service. 

"Inviting  industries  into  our  city  does  not  necessarily  mean  the 
destruction  of  surrounding  residential  neighborhoods  or  abuse  of  our 
existing  streets  or  utilities.  The  demands  of  industry  also  require  a 
well-planned  district,  for  industry  insists  on  assurance  against  encroach- 
ment or  other  uses  which  may  affect  its  proper  operation  and  expansion 
adversely." 

The  manner  in  which  the  Michigan  City  community  is  attempting  to 
realize  these  objectives  is  rather  unique.  Instead  of  waiting  for  the 
city  to  annex  new  territory  with  the  object  of  zoning  it  for  industry, 
public-spirited  citizens  are  concertedly  purchasing  new  tracts  of  land 
south  of  the  corporate  limits  and  holding  such  land  for  future  incorpora- 
tion within  the  city.  The  so-called  Greater  Michigan  City  Industrial 
Committee  thus  formed  co-operates  with  the  City  Planning  Commission 
in  extending  industrial  facilities.  A  well-mapped  plan  is  already  in 
operation  as  shown  in  Figure  3.  On  this  map  are  delineated  three  dis- 
tricts— A,  B,  and  C — in  which  parcels  of  land  are  sought  for  future  in- 
dustrial use.  In  the  same  figure  are  indicated  also  such  sections  which 
already  have  been  purchased  and  allocated  for  industry. 

The  newly  planned  Industrial  District  will  be  developed  in  such  a 
manner  as  to  "guarantee  a  harmonious  co-existence  with  varied  industries 
and  their  residential  and  commercial  neighbors."  Restrictive  covenants 
for  such  newly  incorporated  industrial  areas  have  already  been  formal- 
ized. Briefly,  these  include  specifications  as  to  limited  uses  so  that  any 
facility  may  not  become  noxious  or  offensive  to  the  community.  Plans 
provide  for  such  building  space,  setbacks,  and  structural  design  as  will 
accord  with  the  most  modern  innovations  in  attractive  landscaping  as 
well  as  practical  utility  of  industrial  sites. 

Attitude  of  Industrialists  to  a   "Seaway"  Michigan  City   Harbor 

The  question  on  this  matter  was:  How  would  an  Indiana  (St. 
Lawrence  Seaway)  port  affect  your  industry  if  located  (a)  at  Michigan 
City;  (b)  at  Burns'  Ditch;  (c)  at  Lake  Calumet  (in  southeast  Chicago)  ? 
Our  concern  here  is  primarily,  of  course,  the  possible  location  of  a  St. 
Lawrence  deep  waterway  harbor  at  Michigan  City.  Reactions  to  these 
questions  may  be  said  to  fall  into  three  groups — those  favoring  such  a 
harbor  at  Michigan  City,  those  opposed,  and  those  who  are  non-committal. 
Fifteen  were  in  favor  of  such  a  development,  pointing  out  such  factors 
as  the  following:  It  would  provide  more  employment,  more  business,  and 
more  new  factories;  it  would  effect  savings  on  freight  rates,  particularly 
on  export  goods  (some  indicated  that  commodities  now  had  to  be  trans- 
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ported  to  Calumet  Harbor) ;  it  would  provide  cheaper  freight  rates  on 
raw  materials;  it  would  in  general  facilitate  transportation  and  con- 
tribute to  the  growth  of  the  community.1 

About  a  half  score  were  generally  skeptical  about  such  benefits  and 
cognizant  of  disadvantages  to  offset  possible  advantages,  contending  that 
it  would  "destroy"  the  fine  beach  as  well  as  "destroy"  Michigan  City  as 
a  resort  town;  it  would  likewise  "destroy"  in  general  the  residential 
qualities  of  the  community  by  bringing  in  undesirable  people;  it  would 
also  be  a  detriment  to  the  community  in  tightening  the  labor  supply 
when  construction  begins. 

Among  those  who  are  non-committal  in  their  attitude  was  one  re- 
spondent who  pointed  out  that  what  was  needed  more  than  anything  else 
was  "a  complete  objective  attitude  on  the  matter."  Some  would  favor 
a  deep  harbor  location  at  the  mouth  of  Burns'  Ditch,  presently  having 
in  general  the  greatest  number  of  regional  and  state  supporters.  It  was 
pointed  out  by  a  proponent  of  this  group  that  such  location  would  "help 
the  city  economically  to  maintain  its  quality."  The  general  sentiment 
seems  to  be  that  a  deep  harbor  location  as  far  west  as  Lake  Calumet, 
Chicago  area,  would  have  little  or  no  effect  upon  the  Michigan  City 
industrial  development. 

Summary  and  Conclusions 

Interview  and  field  work  in  this  study  indicate  a  varied  selection  of 
location  factors  of  region  and  site  in  the  localization  of  manufacturing 
establishments  in  Michigan  City.  From  their  position  within  the  United 
States  manufacturing  belt  and  in  proximity  to  Chicago,  the  greatest 
railroad  center  in  the  United  States,  local  manufacturers  derive  the 
benefits  that  accrue  from  such  transportation  and  marketing  facilities. 
The  community  profits  from  favorable  freight  rates  to  points  in  north- 
eastern United  States  as  compared  with  Chicago.  It  will  soon  share  in 
East-West  toll  road  transportation,  and  the  possibilities  also  of  proximate 
deep  harbor  port  facilities  now  contemplated  in  the  Burns'  Ditch  area  as 
part  of  the  St.  Lawrence  Seaway  project. 

Another  significant  regional  locative  factor  is  Michigan  City's 
position  within  the  largest  contiguous  township  area  experiencing  the 
most  rapid  population  growth  in  Indiana. 

The  city's  manufactural  structure  is  characterized  by  metalworking 
establishment,  26  of  the  43  manufacturing  establishments  producing 
metal  goods.  Thirty-four  of  them  have  markets  national  and  even  inter- 
national in  scope. 

Employment  and  production  fluctuates  more  in  Indiana  than  they  do 
on  the  average  for  the  United  States.  This  is  because  of  the  dominance 
of  durables  in  Indiana,  especially  steel  and  transportation  equipment. 
The  same  is  true  of  Michigan  City,  with  its  emphasis  upon  the  metal 
durables,  especially  transportation  equipment.  Because  of  this,  Michigan 
City  should  attract  diversified  industry,  especially  those  types  that  are 
least  susceptible  to  rapid  and  significant  fluctuations.    The  addition  of 


1.    At  present  the  harbor  is  used  for  pleasure  craft,  and  the  only  steady  com- 
mercial cargo  is  the  animal  catch  of  500  tons  of  Lake  Michigan  fish. 
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a  number  of  factories  in  the  past  several  decades  has  effected  a  more 
diversified  industrial  base  than  was  the  case  for  many  decades  when  the 
Pullman  Standard  Car  Manufacturing  Company  dominated  the  scene. 

The  several  industrial  districts,  especially  the  more  recently  de- 
veloped ones,  are  on  the  periphery  of  the  city's  core  area.  Because  of  this 
areal  pattern,  most  plants  have  room  for  expansion.  However,  it  is  locally 
recognized  that  additional  land  is  needed  for  new  industries.  Joint  plan- 
ning on  the  part  of  both  public  and  private  agencies  is  now  developing 
new  industrial  tracts,  particularly  on  the  south  side  of  the  community, 
presaging  a  new  era  of  industrial  expension.  The  program  is  projected 
on  the  basis  of  types  of  industries  which  in  form  and  function  will  con- 
tribute to  rather  than  detract  from  the  "livability"  of  the  community.1 
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The  History  of  4-H  Entomology  Club  Work  in  Indiana 

Glen  Lehker,  Purdue  University 

Insect  collecting  clubs,  4-H  or  otherwise  have  existed  in  Indiana 
since  1924  at  which  time  Professor  J.  J.  Davis,  Head  of  the  Entomology 
Department  at  Purdue  University  organized  the  first  such  group.  Member- 
ship was  open  to  any  boy  or  girl  of  school  age  and  the  principal  club 
activities  were  the  making  of  insect  collections  and  the  identification  of 
insects.  To  promote  interest,  a  collection  contest  and  an  identification 
contest  was  held  annually  at  the  University  in  conjunction  with  the  4-H 
Club  Round-up.  The  first  trophies  were  provided  by  George  Mitten,  an 
amateur  entomologist  of  Goodland,  Indiana,  and  by  Harry  Q.  Holt,  a 
vocational  Agriculture  teacher.  Similar  contests  were  attempted  at  the 
Indiana  State  Fair  in  1928  but  were  discontinued. 

In  1936,  Glen  Lehker  was  employed  by  the  University  to  serve  as  an 
Extension  Specialist  in  Entomology  and  the  club  program  then  under 
way  became  a  part  of  his  duties.  Records  show  that  in  1937  there  were 
7  insect  collecting  clubs  in  the  state,  4  exhibits  at  the  Club  Round-up  and 
14  participants  in  the  identification  contest.  That  year  the  first  4-H 
Entomology  project  outline  and  record  book  was  prepared.  It  included 
life  history  studies  and  control  demonstrations  which  have  remained  an 
important  part  of  the  project.  Work  was  likewise  started  on  a  manual 
showing  how  to  collect  and  preserve  insects.  These  materials  were  dis- 
tributed in  the  spring  of  1938  and  through  arrangement  with  the  State 
Leader  of  Boys  and  Girls  Club  Work,  Entomology  became  an  official 
4-H  project.  Robert  W.  Amick  of  the  Club  Staff  was  assigned  the 
project  and  much  of  its  subsequent  success  has  been  due  to  his  efforts 
and  enthusiasm. 

A  great  deal  of  early  promotion  was  necessary,  most  of  which  took 
the  form  of  insect  study  in  4-H  Club  camps.  Prior  to  1940,  the  ento- 
mology specialist  spent  most  of  the  summers  attending  such  camps. 
Even  today  an  important  part  of  the  program  is  insect  study  in  estab- 
lished groups  such  as  the  4-H  Conservation  Camp,  the  Conservation- 
Education  Camp,  and  the  Conservation  Leaders  Training  Meeting.  Growth 
was  gradual  until  1941  at  which  time  there  were  29  collections  entered  in 
the  State  Contest  and  30  participants  in  the  identification  phase  of  the 
project.  Just  prior  to  our  entry  into  World  War  II,  the  Indiana  State 
Fair  Board  appropriated  $59.00  in  premium  money  for  insect  collections 
and  in  1942  the  contest  was  moved  from  Lafayette  to  the  State  Fair  in 
Indianapolis.  During  the  war  years,  no  effort  was  made  to  promote  the 
entomology  project.  Instead,  boys  and  girls  were  urged  to  enroll  in 
gardening  and  other  projects  where  their  contribution  to  food  supplies 
and  the  war  effort  would  be  more  direct. 
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The  program  was  not  fully  reactivated  until  1948.  By  this  time 
premium  money  for  collections  at  the  State  Fair  had  reached  $332.00,  of 
which  $200  was  contributed  annually  by  the  Texas  Gulf  Sulphur  Com- 
pany, and  a  few  years  later  by  the  Julius  Hyman  Company,  which  also 
provided  a  trophy  for  insect  collections.  Sponsorship  of  the  identification 
trophy  had  meanwhile  been  taken  over  by  the  Thomas  Say  Entomological 
Society,  a  student  organization  at  Purdue  University. 

This  was  also  the  year  in  which  the  Indiana  Farm  Bureau  Co-op 
initiated  a  program  of  providing  standard  size  glass  top  display  cases  to 
club  members  at  less  than  cost.  The  following  year  spreading  boards, 
pins  and  labels  were  added  to  the  list  of  supplies,  and  the  Fair  Board 
constructed  racks  to  display  the   cases  of  insects. 

In  1949  the  club  manual  on  how  to  collect  and  identify  insects  was 
revised,  with  Dr.  H.  O.  Deay  as  co-author,  to  include  20  additional  pages 
of  illustrations.  The  original  project  outline  had  also  been  revised  several 
times  in  order  to  make  it  more  practical  and  workable. 

Also  in  1949  the  4-H  policy  committee  approved  insect  identifications 
as  an  official  judging  contest.  Teams  consisting  of  two  individuals,  were 
required  to  win  in  county  and  district  eliminations  before  becoming 
eligible  to  participate  in  the  State  Contest.  A  paid  trip  to  the  4-H 
Round-up  was  the  major  award.  The  contest  was  continued  along  these 
lines  until  1955  at  which  time  the  finals  were  moved  to  Indianapolis 
with  the  Indiana  State  Fair  Board  providing  a  trip  to  Washington,  D.  C. 
and  the  United  Nations  to  the  high  individual.  Twenty-three  teams  took 
part  in  1955. 

The  collection  contest  meanwhile,  grew  from  107  entries  and  299 
boxes  in  1950  to  118  entries  and  419  boxes  in  1955.  In  1954  entries  were 
limited  to  one  exhibit  per  division  per  county.  The  State  Fair  Board 
gradually  assumed  the  obligation  of  providing  the  premium  money  which 
is  now  $500  annually.  In  the  spring  of  1955  the  Shell  Chemical  Corpo- 
ration provided  $500  for  the  project,  some  of  which  was  spent  this  year 
to  purchase  pen  sets  for  winner  and  leaders  in  the  various  project  phases. 

4-H  Entomology  club  work  in  Indiana  and  nationally  was  given  im- 
petus in  1952  with  the  beginning  of  a  national  awards  program  sponsored 
by  the  Hercules  Powder  Company.  This  program  provides  medals  at  the 
county  level,  a  trip  to  the  4-H  Club  Congress  at  the  state  level  and  six 
$300  college  scholarships  at  the  national  level.  Indiana  has  had  such  a 
scholarship  winner  each  year  which  speaks  well  for  the  program  in  this 
state. 


Conservation  Progress  in  Indiana  to  1955 

Stephen  S.  Visher,  Indiana  University 

Although  immediately  following  President  Theodore  Roosevelt's 
famous  "Conference  of  Governors"  on  conservation  in  1908  several  papers 
were  presented  before  the  Academy  on  conservation,  only  one  has  been 
given  since.  However,  significant  progress  has  been  made  in  the  wiser 
use  of  Indiana's  resources.  Much  land  formerly  too  wet  for  farming  has 
been  drained;  much  cut-over  or  wooded  land  has  been  converted  into 
cropland  by  clearing;  damage  done  by  floods  has  been  reduced  by  tiling, 
ditching,  or  by  the  construction  of  levees.  More  than  100  miles  of  levees 
have  been  constructed  recently.  The  erection  of  hundreds  of  dams  creat- 
ing reservoirs  has  retarded  runoff.  Notable  progress  has  been  made  in 
the  more  efficient  use  of  our  petroleum,  natural  gas  and  coal  resources. 
Recovery  of  coal  has  been  greatly  augmented  by  open-cut  or  strip  mining. 
Recreation-wise,  the  establishment  of  numerous  state  parks  and  state 
forest  and  the  construction  of  artificial  lakes  have  been  important.  Forest 
fires  have  been  reduced  by  the  help  of  numerous  lookout  towers  and 
much  fire-fighting  equipment.  Numerous  small  areas  have  been  re- 
forested. A  new  mineral  resource  (gypsum)  has  been  discovered  and 
much  is  now  being  mined.  Costly  efforts  have  been  made  to  improve 
fishing  and  hunting,  and  recently  the  fishing  season  has  been  lengthened, 
and  a  brief  open  season  permitted  for  deer  hunting.  The  recreational 
and  other  resources  of  the  several  parts  of  the  state  have  been  made 
more  readily  available  by  the  construction  of  better  roads  and  additional 
bridges. 

More  effective  use  of  the  cropland  has  followed  more  widespread 
crop  rotation  and  the  use  of  much  more  fertilizer,  about  100  times  as 
much  in  1955  as  in  1909.  Soybeans  and  hybrid  corns  have  been  intro- 
duced with  conspicuous  success,  and  a  better  adjustment  of  crops  to  soil 
types  and  climate  has  been  developed.  A  large  percentage  of  the  crop- 
land has  been  benefitted  by  the  addition  of  pulverized  limestone,  to 
sweeten  the  soil.  There  have  also  been  notable  improvements  in  the 
livestock  and  in  their  care.  The  use  of  tractors  has  made  possible  a 
quicker  planting  and  harvesting,  thus  countering  some  of  the  ill  effects 
of  wet  spells. 

The  net  result  of  the  foregoing  improvements  is  that  Indiana  pro- 
duces more  agricultural  and  mineral  wealth  than  it  did  a  half  century 
ago,  and  has  a  greater  water  supply,  better  forests,  more  game,  far 
better  outdoor  recreational  facilities.  In  brief,  it  is  a  better  state  in 
which  to  live  and  work. 

Numerous  people  have  contributed  to  the  progress  Indiana  has  made 
in  conservation.  To  mention  only  persons  who  have  also  been  active  in 
the  Academy  since  1908:  Stanley  Coulter  and  Charles  Deam  did  con- 
siderable to  improve  the  forests.  Extensive  fish  studies  were  made  by 
Will  Scott  and  William  E.  Ricker,  and  studies  of  other  wild  life  by 
Frank  N.  Wallace,  J.   J.   Davis,   and   H.   H.  Michaud.    Water   problems 
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have  been  studied  especially  by  C.  M.  Beckert.  Efforts  to  increase  the 
usefulness  of  soils  were  made  by  T.  M.  Bushnell,  George  Scarseth  and  R. 
M.  Kriebel.  State  geologists  W.  S.  Blatchley,  W.  N.  Logan  and  C.  R. 
Deiss  have  contributed  as  to  minerals.  To  Col.  Richard  Lieber  goes  much 
credit  as  to  the  state  parks. 

Although  significant  progress  has  been  made  towards  the  better  use 
of  Indiana's  resources,  much  remains  to  be  done.  A  recent  official  survey 
reveals  that  more  than  one-tenth  of  Indiana's  land  has  been  severely 
damaged  by  soil  erosion  and  another  30  percent  has  lost  between  25  and 
75  percent  of  its  topsoil.    Much  sloping  land  continues  to  be  mishandled. 

The  increased  runoff  stimulated  by  deforestation,  land  drainage  and 
soil  erosion  has  resulted  in  the  failure  of  many  springs  and  shallow  wells. 

The  greatly  increasing  demand  for  water  partly  incidental  to  in- 
dustrialization and  the  great  growth  in  population  makes  it  highly 
desirable  that  steps  be  taken  to  reduce  the  rainfall  which  now  runs 
away.  The  damage  done  by  floods  is  increasing  and  calls  for  wiser  use 
of  land  subject  to  flooding.  As  to  lumber,  Indiana,  originally  nearly  all 
forested,  now  produces  only  a  small  share  of  its  lumber,  and  makes 
relatively  poor  use,  experts  report,  of  its  woodland. 


Biological  Theories  of  J.  Henri  Fabre 

William  J.  Tinkle,  Albany,  Indiana 

Charles  Darwin  spoke  of  J.  Henri  Fabre  as  the  inimitable  observer. 
Indeed  we  may  say  that  observation  of  insects  and  other  small  creatures 
was  the  accomplishment  of  his  long  and  pains-taking  life.  After  teaching 
in  two  French  colleges  and  earning  a  doctor's  degree,  this  insect's 
Homer,  as  he  has  been  called,  settled  in  a  peasant's  house  and  devoted 
forty-four  years  to  research,  fifteen  of  them  in  the  twentieth  century. 

Maurice  Maeterlinck,  himself  an  authority  on  bees,  writes  thus  of  the 
need  for  this  type  of  work:  "Strange  as  the  admission  may  seem  at  a 
time  when  we  think  that  we  know  all  that  surrounds  us,  most  of  those 
insects  minutely  described  in  the  vocabularies,  learnedly  classified,  and 
barbarously  christened  had  hardly  ever  been  observed  in  real  life  or 
thoroughly  investigated,  in  all  the  phases  of  their  brief  and  evasive 
appearances."    (2) 

Fabre's  observations  are  accepted  and  appreciated  by  entomologists 
and  biologists  in  general,  but  his  theories  are  passed  by,  and  scientists 
follow  those  of  his  opponents.  Indeed,  his  biographer,  Le  Gros,  states 
that  he  refused  to  theorize.  "Fabre  will  suppose  nothing;  he  will  only 
record  the  facts.  Instead  of  wandering  in  the  region  of  probabilities,  he 
prefers  to  confine  himself  to  the  reality,  and  for  the  rest  to  reply  simply 
that  we  do  not  know."  (10)  While  it  is  true  that  Fabre  would  not  be 
pushed  into  making  theories  where  he  had  no  facts  on  which  to  found 
them,  we  should  miss  much  if  we  omitted  the  philosophies  of  this  great 
man.  Fabre  insisted  upon  reliable  foundations  for  belief  and  would  not 
accept  an  idea  simply  because  others  accepted  it,  even  if  it  was  admitted 
by  the  vast  majority.  On  the  anniversary  of  the  fall  of  the  Bastille  the 
people  of  the  village  were  celebrating  with  a  loud  uproar,  but  he  was 
sitting  quietly  at  home,  writing  as  follows:  "Fashions  change  and  bring 
us  the  unexpected.  The  time-serving  rocket  spreads  its  sheaf  of  sparks 
for  the  public  enemy  of  yesterday,  who  has  become  the  idol  of  today. 
Tomorrow  it  will  go  up  for  somebody  else. 

"In  a  century  or  two,  will  any  one,  outside  the  historians,  give  a 
thought  to  the  taking  of  the  Bastille?  It  is  very  doubtful.  We  shall 
have  other  joys  and  also  other  cares."  (3) 

Our  friend  was  even  more  prophetic  than  he  knew.  France  did  not 
wait  a  century  or  two  for  other  cares,  but  Fabre  himself  lived  to  see  the 
outbreak  of  the  First  World  War.  After  this  holocaust,  Armistice  Day 
outshone  Bastille  Day  for  a  few  years,  but  even  it  has  lost  its  luster 
since  it  failed  to  bring  the  perpetual  peace  which  it  promised. 

If  this  great  Frenchman  were  living  today,  perhaps  he  would  not 
apologize  for  his  coolness  toward  progress,  which  he  said  he  would  like 
to  believe  in,  but  could  not.  He  would  repeat  with  more  boldness  his 
prophecy  that,  "after  making  progress  upon  progress,  man  will  succumb, 
destroyed  by  the  excess  of  what  he  calls  civilization."  (3)    Today  Fabre 
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would  not  feel  alone  in  making  this  prophecy,  for  he  is  not  the  only  one 
who  feels  that  civilization  is  not  an  unmixed  blessing. 

Now  let  us  consider  an  interpretation  of  a  phase  of  animal  behavior, 
the  reason  for  the  song  of  animals.  Fabre  does  not  deny  that  it  may  be 
a  mating  call  in  some  instances  but  claims  that  the  main  purpose  is  to 
express  the  joy  of  living.  The  white-faced  grasshopper,  Dccticiis  albifrons, 
mates  but  once,  when  the  male  transfers  a  large  spermatophore  to  the 
female.  Having  recovered  from  this  ordeal  and  refreshed  himself  with 
food,  he  stridulates  again  and  continues  to  do  so  during  the  few  days  in 
which  he  lives,  while  the  female  is  laying  eggs  and  paying  no  attention 
to  him.  Further  mating  is  quite  out  of  the  question.  The  green  grass- 
hopper does  the  same.  (3) 

Another  reason  we  doubt  that  songs  are  mating  calls  is  that  often 
the  season  is  wrong.  I  recall  a  song  sparrow  near  the  Ohio  River  singing 
when  the  thermometer  stood  at  0°  Fahrenheit.  Birds  do  sing  more  in 
the  spring,  but  it  is  because  that  season  is  more  conducive  to  gladness. 

A.  A.  Allen  claims  that  a  male  bird  sings  on  a  high  branch  at  nest 
building  time  in  order  to  keep  other  birds  from  nesting  in  his  territory; 
a  kind  of  "no  trespassing"  sign.  (1)  No  one  denies  that  Allen  knows 
how  to  find  bird  nests,  but  this  interpretation  is  not  established  by  bird 
behavior.    It  would  lead  to  more  fighting  than  music. 

Fabre  did  not  accept  the  theory  that  the  present  order  of  nature 
resulted  from  struggle  and  natural  selection  but  asserted  that  it  is  a 
pre-established  order.  He  appreciated  his  correspondence  with  Darwin, 
even  studying  English  so  that  he  could  carry  it  on  better,  (5)  but  never 
agreed  with  the  author  of  evolution  on  the  main  issue. 

LeGros  gives  as  a  reason  for  the  disagreement,  "Darwin  knew 
barely  the  tenth  part  of  the  colossal  work  of  Fabre." (5)  Furthermore  it 
seems  that  Darwin  knew  nothing  of  Mendel,  for  Darwin's  son  searched 
through  his  writings,  finding  no  mention  of  the  great  geneticist.  We 
can  only  speculate  how  different  the  theory  of  descent  might  have  been 
if  Darwin  had  understood  these  two  men. 

Fabre  implements  his  rejection  of  transmutation  by  natural  selection 
by  stating  that  the  strong  have  perished  while  the  weak  carry  on.  He 
mentions  a  Libellula  (dragonfly)  of  the  Carboniferous  Age,  Meganeura 
Monyi  Brong.,  measuring  over  two  feet  across  the  wings,  also  monstrous 
sauroid  fishes,  Ammonites  of  the  diameter  of  a  cart  wheel,  while  present 
Cephalopods  are  no  larger  than  a  fireman's  helmet;  Megalosaurus,  a  sau- 
rian twenty-five  yards  long,  the  Mammoth,  which  was  larger  than 
modern  elephants,  and  so  on,  a  number  of  others.  (3)  Some  one  will 
object  that  size  is  not  the  only  measure  of  fitness,  but  many  extinct 
species  were  not  lacking  in  armor,  brain  size,  or  even  ornamentation. 

Fabre  claimed  that  if  animals  had  developed  from  low  to  high  forms 
there  should  be  a  gradient  in  songs.  Such  is  not  the  case,  however,  for 
some  insects  are  accomplished  musicians,  some  mammals  are  dumb,  or 
worse  like  the  jackass,  then  suddenly  appears  the  accomplished  larynx 
of  man.  (3) 

Instincts  are  not  inherited  habits  for  they  function  with  precision  and 
could  not  have  been  perfected  by  trial  and  error.    Some  insects  kill  their 
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prey  by  stinging  in  cervical  ganglia,  others  paralyze  them  by  stinging 
lower  ganglia  and  storing  them  as  food  for  their  young.  Both  groups  sting 
unerringly  in  the  right  spot;  to  miss  the  aim  would  invite  retaliation  and 
death.  A  creature  in  the  process  of  building  up  such  an  instinct  would 
not  survive  but  would  become  extinct.  (2) 

The  order  of  nature  is  maintained  by  the  impossibility  of  crossing 
of  distinct  kinds.  If  pollen  happens  to  fall  upon  the  stigma  of  another 
species  it  does  not  fertilize  the  ovules.  If  the  two  species  are  very 
similar,  a  fruit  may  develop  but  the  seeds  are  sterile.  Only  very  similar 
strains  will  produce  fertile  offspring  but  they  are  not  stable  and  tend  to 
revert  to  the  parent  types.  If  these  principles  were  not  true  the  result 
would  be  that  "finally,  growing  ever  more  mixed,  more  distorted,  more 
fantastic,  the  vegetable  world  would  lose  the  harmonious  order  that 
now  rules  over  its  distribution,  and  would  die  out  in  sterile  chaos".  (4) 

What  about  the  influence  of  such  ideas,  unpopular  as  they  were  in 
some  groups?  Although  recognition  came  very  late,  it  is  asserted  that 
at  present,  Frenchmen  of  all  schools  recognize  Fabre  as  a  great  man. 
No  doubt  his  influence  contributed  to  the  following  paragraphs  by  Paul 
Lemoine  in  the  French  Encyclopedia. 

"From  the  pen  of  authorized  writers  comes  constantly  this  declara- 
tion: 'The  paleontological  data  alone  can  convince  us  of  the  reality  of 
evolution.'  But  the  paleontological  data,  on  the  contrary,  prove  that 
there  has  been  no  evolution;  at  least  in  the  larger  groups.  .  .  . 

"From  this  'expose'  we  conclude  that  the  theory  of  evolution  is  im- 
possible. At  bottom,  in  spite  of  appearances,  no  one  believes  in  it  any 
more,  and  one  says  'evolution'  without  thinking  of  its  real  meaning,  and 
to  signify  sequence  or  more  evolved  or  less  evolved  in  the  sense  of  more 
developed  or  less  developed,  because  it  is  a  conventional  language,  admit- 
ted and  almost  obligated  in  scientific  circles.  Evolution  is  a  sort  of  dogma, 
in  which  the  priests  do  not  believe  any  more,  but  that  they  maintain  for 
the  people.  This,  we  must  have  the  courage  to  say,  so  that  men  of  the 
next  generation  will  make  their  research  in  another  way."  (6) 

We  scientists  of  America  accept  and  prize  the  observations  of 
Henri  Fabre  but  are  inclined  to  turn  thumbs  down  when  his  theories  are 
mentioned.    This  discrepancy  should  not  continue. 
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ABSTRACTS 

Science  and  the  Good  Life.  Francis  E.  Throw,  Wabash  College. — 
On  the  technological  level  science  offers  freedom  from  want,  from  disease 
and  from  being  a  mere  beast  of  burden,  and  (e.g.,  by  printing)  makes 
available  the  cultural  heritage. 

On  the  intellectual  level,  it  broadens  horizons,  combats  superstition, 
cleanses  religion,  stirs  up  ideas,  and  predicts  consequences  of  courses  of 
action. 

For  its  own  sake  it  is  craftsmanship  of  mind  and  brain,  a  com- 
munity of  the  highest  standards,  a  search  for  truth  and  perfection,  an 
aesthetically  beautiful  logical  structure,  and  it  has  revolutionized  man's 
thinking  and  outlook. 

But  since  the  power  for  good  can  always  be  perverted  to  evil,  virtue 
and  morality  are  pre-requisite  for  both  the  flower  and  fruit  of  science. 

Computers  and  Curricula.  Paul  E.  Stanley,  Purdue  University. — 
The  importance  of  automatic  computing  machines  in  modern  scientific 
research  and  engineering  is  pointed  out.  The  desirability  of  including 
some  theory  and  practice  of  computers  in  the  undergraduate  curriculum 
is  contrasted  with  the  problem  of  how  to  find  time  for  including  this 
material.  A  brief  treatment  of  the  theory  of  the  analog  computer  is 
presented  and  several  examples  of  computer  application  are  given.  Sug- 
gestions for  integrating  such  applications  into  the  undergraduate  science 
curriculum  are  made  and  some  methods  of  implementing  the  construction 
of  the  equipment  on  a  limited  budget  are  proposed. 

On  the  Orientational  Transitions  in  Solid  CD4.  T.  A.  Keen  an  and 
H.  M.  James,  Purdue  University. — CD4  shows  successive  orientational 
transitions  at  22.2°K  and  27.1°K.  To  gain  an  understanding  of  their 
origin,  we  have  considered  an  analogous  system  of  classical  spherical 
rotators  arranged  in  a  cubic  close-packed  lattice.  The  assumed  coupling 
between  next-neighbor  molecules  is  the  dominant  term  in  the  coulomb 
interaction  of  two  charge  distributions  of  tetrahedral  symmetry;  coupling 
of  more  widely  separated  molecules  is  neglected.  A  treatment  of  this  sys- 
tem in  the  internal  field  approximation  indicates  that  two  types  of 
orientational  ordering  may  exist  in  such  a  crystal.  At  the  lowest  tempera- 
tures the  orientational  distribution  function  is  the  same  for  all  molecules. 
At  higher  temperatures  the  stable  type  of  order  is  one  in  which  the 
crystal  lattice  is  divided  into  eight  sublattices,  with  all  molecules  on 
each  sublattice  having  the  same  characteristic  orientational  distribution; 
molecules  on  two  of  these  sublattices  show  no  orientational  ordering.  At 
still  higher  temperatures  the  orientational  ordering  disappears  com- 
pletely.   The  lower  transition  is  of  the  first  order,  the  higher  of  second 
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order.  The  predicted  ratio  of  the  transition  temperatures  agrees  reason- 
ably well  with  the  observed  ratio  in  CD4,  and  the  actual  temperatures  and 
the  integrated  heats  of  transition  are  given  satisfactorily  when  one 
assumes  a  reasonable  strength  for  the  molecular  coupling. 

A  £tt  Beta-ray  Scintillation  Spectrometer  and  the  Spectrum1  of 
Chlorine.36  R.  G.  Johnson,  0.  E.  Johnson  and  L.  M.  Langer,  Indiana 
University. — A  iir  beta-ray  scintillation  spectrometer  has  been  built  and 
tested  for  reliability.  The  plastic  phosphors  used  as  detectors  are  shown 
to  be  linear  from  60  key  to  1  Mev.  Measurements  of  the  beta  spectra  from 
W185,  P32;  Y91,  and  T1204  are  in  good  agreement  with  the  results  of 
magnetic  spectrometer  measurements. 

The  beta  spectrum  of  CI36  has  been  measured  with  sources  having 
an  average  thickness  of  9  and  19  micrograms/cm^.  Using  the  theoretical 
shape  factor  for  the  linear  combination  of  the  Scalar  and  Tensor  inter- 
action forms,  limits  are  obtained  for  the  values  of  the  ratios  of  matrix 
elements,  Aij/Tij  and  Rij/Tij.  The  best  fit  to  the  data  is  for  Aij/Tij  = 
14.2  and  Rij/Tij  =  0. 

The  "Shapes"  of  Beta  Spectra.  0.  E.  Johnson,  R.  G.  Johnson^ 
and  L.  M.  Langer,  Indiana  University. — The  momentum  distributions  of 
the  negatron  decays  of  Y90  and  Inii^  have  been  precisely  measured  using 
thermally  evaporated  sources.  Analysis  of  the  experimental  data  in  a 
manner  consistent  with  beta  decay  theory  as  presently  interpreted  yields 
Fermi-Kurie  plots  which  show  apparently  real,  but  slight,  deviations  from 
linearity.  These  deviations  can  be  accounted  for  by  Fierz  interference 
between  the  Tensor  and  Axial  Vector  forms. 

A  Search  for  Double  Beta  Disintegration  of  Ndiso  and  the  Nature 
of  the  Neutrino.  L.  M.  Langer,  Indiana  University. — Using  large  scale 
liquid  scintillator  techniques,  a  search  was  made  for  the  transformation 
of  Nd*50  into  Sm^o  with  the  simultaneous  emission  of  two  electrons. 
A  definitive  negative  result  has  been  obtained  which  indicates  that,  if 
such  a  transition  occurs  with  the  net  emission  of  no  neutinos,  the  mean 
life  for  the  process  must  be  greater  than  1018  years.  Since  this  is  much 
longer  than  what  one  expects  theoretically,  even  under  the  most  un- 
favorable conditions,  one  is  led  to  the  conclusion  that  the  neutrino  and 
anti-neutron  are  not  identical,  i.e.,  they  are  Dirac  rather  than  Majorana 
particles. 
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from  the  Research  Corporation. 
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Temperature  and  time  requirements  for  spring  flowering:  an  analysis 
of  C.  C.  Deam's  thirty-year  flowering  record  in  Indiana.  Alton  A. 
Lindsey  and  James  E.  Newman,  Purdue  University. — Records  for  75 
species  of  trees,  shrubs,  and  herbs,  kept  by  Dr.  Deam  from  1920  through 
1952  at  the  Deam  Arboretum,  Bluffton,  Indiana,  showed  a  much  higher 
correlation  of  flowering  date  with  temperature  than  with  other  en- 
vironmental factors  considered.  The  24  species  flowering  before  May  15 
that  have  the  longest  records  were  analyzed  by  IBM  machines  to  de- 
termine meteorological  threshold,  requisite  heat  sum,  and  the  spring 
time  period  for  the  growth  processes  which  culminate  in  flowering,  for 
each  species.  Since  use  of  the  mean  temperature  was  found  generally 
unsatisfactory,  a  new  method  of  summing  effective  degree-hours  was 
devised,  involving  a  statistically-based  formula  using  the  actual  high 
and  low  for  the  day  and  a  presumptive  threshold.  Coefficient  of  variation 
was  determined  by  punch-card  machine  analysis,  for  combinations  of  six 
presumptive  thresholds  at  five  degree  F.  intervals  and  six  presumptive 
time  periods  at  ten-day  intervals.  Four  graphs  made  for  each  species 
reveal  the  approximate  threshold  and  time  period.  The  species  studied 
ranged  in  meteorological  (not  necessarily  physiological)  thresholds  from 
40°  to  50°F.,  with  45°  as  the  common  one,  and  range  from  20  to  50  days 
during  which  spring  temperatures  promote  flowering.  Heat  sums  range 
from  2557  degree  hours  for  the  very  early  flowering  Trillium  nivale  to 
8533  for  Aquilegia  canadensis. 

Some  Representative  Plants  of  the  Different  Vegetation  Zones  in 
Grand  Canyon  National  Park.  John  Merkde,  A.  and  M.  College  of 
Texas  and  Purdue  University. — This  park  is  located  in  northern  Arizona 
and  includes  the  Grand  Canyon  of  the  Colorado  River.  The  canyon  is 
a  gigantic  chasm  217  miles  long,  5-16  miles  wide  and  almost  a  mile 
deep.  This  great  size  plus  the  elevation  of  the  rims  and  surrounding 
country  produces  several  distinct  climatic  and  vegetational  zones  in 
the  Park. 

The  Inner  Canyon,  especially  the  Inner  Gorge,  is  very  hot  and 
dry  during  the  summer.  Winters  are  quite  mild.  The  river  near  the 
mouth  of  Bright  Angel  Creek  is  at  an  elevation  of  2500  feet.  The 
elevation  of  the  rim  of  the  Tonto  Platform  above  the  Inner  Gorge  is 
about  3800  feet,  giving  a  very  steep  wall  of  about  1200  or  more  feet 
in  height.  This  Tonto  Platform  extends  back  from  the  Inner  Gorge 
a  distance  of  a  few  hundred  feet  to  nearly  a  mile  and  may  reach  an 
elevation  of  about  4500  feet  at  the  base  of  the  Redwall  limestone. 

The  precipitation  reaching  the  Inner  Canyon  is  about  10-12  inches 
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per  year  and  temperatures  regularly  reach  110-115°  F.  during  the 
summer  months.  The  vegetation  is  sparse  and  shrubby,  including  black 
brush,  cacti,  yucca,  catclaw,  mesquite  and  an  occasional  century  plant. 

The  elevation  of  the  South  Rim  is  on  both  sides  of  7000  feet.  The 
precipitation  is  18-20  inches  per  year  including  about  4  feet  of  snow. 
The  temperature  is  mostly  in  the  90's  F.  during  the  summer,  and  there 
are  quite  a  number  of  days  of  freezing  weather  during  the  winter. 
This  area  supports  an  extensive  stand  of  Pinyon  Pine  and  Juniper. 
Associated  with  them  are  cliff  rose,  century  plants,  yucca,  gambel  oak, 
etc.  On  more  favorable  sites,  highest  elevations  and  in  valleys,  is  a 
stand  of  ponderosa  pine. 

The  elevation  of  the  North  Rim  is  on  both  sides  of  8000  feet.  This 
increases  to  9200  feet  a  few  miles  north  at  the  top  of  the  Kaibab  Plateau. 
The  precipitation  ranges  from  about  25  inches  at  the  rim  to  about  32 
inches  at  the  top  of  the  Plateau.  This  includes  from  4  to  10  or  more 
feet  of  snow. 

The  vegetation  along  the  rim  is  pinyon  pine — juniper  and  associates. 
The  ponderosa  pine  zone  extends  up  to  about  8250  feet;  a  pine-white 
fir  zone  up  to  8700  feet,  and  above  this  and  on  steep  north  slopes  is  a 
spruce-fir  zone. 


Indiana  Plant  Distribution  Records,  XVI,  1955 

Specimens  are  deposited  in  the  herbarium  of  Butler  University  and 
Indiana  University.  Nomenclature  is  in  accordance  with  that  used  in 
Gray's  Manual  of  Botany,  8th  ed.,  1950.  Specimens  have  been  collected 
and  this  report  was  prepared  by  Helene  Stares. 

Botrychium  dissectum,  Putnam.  Botrychium  dissectum  f.  obliquum, 
Bartholomew.  Ophioglossum  vulgatum,  Ripley.  Onoclea  sensibilis,  Madi- 
son. Asplenium  platyneuron,  Bartholomew.  Bromus  inermis,  Shelby. 
Diarrhena  americana,  'Shelby. 

Cyperus  erythrorhizos,  Madison.  C.  esculentus,  Bartholomew.  C. 
strigosus,  Bartholomew.  Scirpus  atrovirens,  DeKalb,  Shelby.  S.  Cype- 
rinus,  Madison.  S.  lineatus,  Fulton.  5.  validus  var.  creber,  Fulton. 
Eleocharis  Smallii,  Tipton.  Fimbristylis  autumnalis  var.  mucronulata, 
Putnam. 

Carex  albursina,  Madison.  Carex  amphibola,  Shelby.  C.  amphibola 
v.  turgida,  Shelby.  C.  caroliniana,  Bartholomew.  C.  cephalophora,  Mad- 
ison. C.  communis,  Madison.  C.  comosa,  Madison.  C.  convoluta,  Shelby. 
C.  crinita,  Madison,  Bartholomew.  C.  cristatella,  DeKalb,  Madison.  C. 
davisii,  Shelby.  C.  digitalis,  Madison.  C.  frankii,  'Shelby.  Carex  gracile- 
scens,  Monroe.  C.  granularis,  Fulton,  Shelby.  C.  hystricina,  Fulton.  C. 
laevivaginata,  Monroe.  C.  lacustris,  Fulton,  Whitley.  C.  lupulina,  Madi- 
son. C.  muskingumensis,  Bartholomew,  Madison.  C.  oligocarpa,  Madison. 
C.  pensylvanica,  Owen,  (Collected  by  Dr.  John  E.  Potzger) .  C.  prasina, 
Marion.  C.  rosea,  Bartholomew,  Shelby.  C.  Shortiana,  Shelby.  C.  spar- 
ganioides,  Madison.  C.  stipata,  Madison.  C.  stricta,  Fulton.  C.  stricta 
var.  strictior,  Fulton,  Tipton.  C.  tribuloides,  Madison.  C.  vulpinoidea, 
Shelby.    C.  Willdenowii,  Madison. 

Spirodela  polyrhiza,  Hancock,  Madison,  Lemna  trisulca,  Madison. 
J  uncus  acuminatus,  DeKalb.  J.  tenuis,  Bartholomew,  Madison,  Shelby. 
J.  Torreyi,  Bartholomew.    Allium  cernuum,  Shelby. 

Saururus  cernuus,  Shelby,  Bartholomew.  Quercus  bicolor,  Madison. 
Rumex  verticillatus,  Madison.  Silene  stellata,  Shelby.  S>  nivea,  Madison. 
Ranunculus  flabellaris,  Bartholomew,  Madison.  Polanisia  graveolens, 
Bartholomew.  Potentilla  fruticosa,  Fulton.  Rubus  hisjndus  var.  obovalis, 
Fulton.  Evonymus  obovatus,  Madison.  Acer  rubrum,  Madison.  Acer 
saccharinum,  Madison.  Hibiscus  trionum,  Shelby.  Ludwigia  palustris 
var.  americana,  Owen.   Aralia  racemosa,  Madison. 

Lysimachia  quadrifolia,  Bartholomew.  Samolus  parviflorus,  Han- 
cock, Madison.  Asclepias  verticillata,  Tipton.  Ipomoea  hederacea, 
Barthol.,  Chelone  glabra  v.  typica,  Bartholomew.  Chelone  obliqua  var. 
speciosa,  Owen.  Conopholis  americana,  Bartholomew.  Houstonia 
caerulea,  Fulton.  Cephalanthus  occidentalis,  Shelby.  Viburnum  dentatum 
var.  Deamii,  Bartholomew,  Madison.  Campanula  aparinoides,  Fulton. 
Lobelia  inflata,  Bartholomew,  Madison.  L.  siphilitica,  Bartholomew. 
Liatris  scabra,  Whitley.  Xanthium  pensylvanicum,  Owen,  Bartholomew. 
Lactuca  canadensis  v.  typica,  Bartholomew. 
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Carrolle  A.  Marklei,  Earlham  College 

A  study  of  the  trees  and  shrubs  of  Wayne  County,  Indiana,  was 
made  during  the  academic  year  1954-1955,  since  it  had  been  found  that 
many  plants  common  in  the  county  had  never  been  reported.  A  small 
group  of  students  in  a  course  in  trees  and  forestry  did  much  of  the 
"ground  •work,"  compiling  a  card  index  of  the  species  reported  for 
Wayne  County  in  Deam's  Flora  of  Indiana  and  also  the  species  indicated 
by  Deam  to  be  in  adjacent  counties.  They  also  checked  the  Plant  Dis- 
tribution Records  as  published  in  the  Proceedings  of  the  Indiana  Academy 
of  Science.  It  then  became  evident  that  we  would  not  report  just  the 
relatively  rare  species,  as  at  first  intended,  but  begin  the  compilation 
of  a  list  of  the  flowering  plants  of  the  county.  This  necessitated  a 
checking  of  the  Earlham  College  Herbarium  and  considerable  collecting 
as  well  as  recording  of  stations  for  the  species  we  were  trying  to  cover 
at  this  time.  The  following  list  includes  113  species  in  58  genera  and 
37  families,  listed  in  the  order  used  in  Deam's  Flora  of  Indiana,  with 
species  given  alphabetically  within  the  genera.  Nomenclature  is  in 
accord  with  that  used  in  Gray's  Manual  of  Botany,  8th  edition. 

A  List  of  the  Dicotyledonous  Woody  Species  of  Wayne  County,  Indiana 

(Exclusive  of  species  of  the  genera  Salix,  Crataegus,  Rubus  and  Rosa) 
Salicaceae:  Populus  alba  L.,  P.  deltoides  Marsh.,  P.  grandidentata 
Michx.,  P.  tremuloides  Michx.  Juglandaceae :  Juglans  cinerea  L.,  J.  nigra 
L.  Carya  cordiformis  (Wang.)  K.  Koch,  C.  glabra  (Mill.)  Sweet,  C. 
ovalis  Wang.)  Sarg.,  C  ovata  (Mill.)  K.  Koch,  C.  tomentosa  (Lam.) 
Nutt.  Corylaceae:  Carpinus  caroliniana  var.  virginiana  (Marsh.)  Fern., 
Ostrya  virginiana  (Mill.)  K.  Koch,  Corylus  americana  Walt.  Fagaceae: 
Fagus  grandifolia  Ehrh.,  Quercus  alba  L.,  Q.  bicolor  Willd.,  Q.  rubra  L., 
Q.  imbricaria  Michx. 2,  Q.  macrocarpa  Michx.,  Q.  Michauxii  Nutt.,  Q. 
Muhlenbergii  Engelm.,  Q.  palustris  Muenchh.,  Q.  Prinus,  L.,  Q.  velutina 
Lam.  Ulmaceae:  Ulmus  americana  L.,  U.  rubra  Muhl.,  U.  Thomasii 
Sarg.,  Celtis  occidentalis  L.,  C.  occidentalis  L.  var.  canina  (Raf.)  Sarg. 
Moraceae:  Morns  alba  L.,  Morns  rubra  L.,  Madura  pomifera  (Raf.) 
Schneid.  Ranunculaceae:  Clematis  virginiana  L.  Berberidaceae :  Berber-is 
Thunbergii  DC.  Menispermaceae :  Menispermum  canadense  L.  Magnoli- 
aceae:  Liriodendron  Tidipifera  L.  Anonaceae:  Asimina  triloba  (L). 
Dunal.  Lauraceae:  Sassafras  albidum  (Nutt.)  Nees,  S.  albidum  var. 
molle  (Raf.)  Fern.,  Lindera  Benzoin  (L).  Blume,  L.  Benzoin  var. 
pubescens  (Palmer  and  Steyerm.)  Rehd.  Saxif ragaceae :  Hydrangea 
arborescens  var.  Deamii  St.  John,  Ribes  americanum  Mill,  R.  cynosbati 
L.   Hamamelidaceae :   Hamamelis  virginiana  L.2   Platanaceae:    Platanus 


1.  The  author  wishes  to  acknowledge  the  assistance  of  the  following-  Earlham 
College  students :  Patricia  Boring,  Theodore  Brown,  Schyler  Elsbree,  Barbara 
Hoose,  Grace  Palmer  and  Jay  Schnell. 
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occidentalis  L.  Rosaceae:  Physocarpus  opulifolius  (L.)  Maxim.,  Spiraea 
alba  DuRoi3  Pyrus  coronaria  L.,  P.  coronaria  var.  dasy calyx  (Rehd.) 
Fern.,  Amclanchier  arborea  (Michx.  f.)  Fern. ,2  A.  laevis  Wieg.,2 
Potentilla  fruticosa  L.,2  Primus  americana  Marsh.  P.  pensylvanica  L.  f.,2 
P.  serotina  Ehrh.,  P.  virginiana  L.2  Leguminosae :  Cercis  canadensis  L., 
Gleditsia  triacanthos  L.,  Gymnocladus  dioica  (L.)  K.  Koch,  Robinia 
Pseudo-Acacia  L.  Rutaceae:  Xanthoxylum  americanum  Mill.,  Ptelea 
trifoliata  L.  Simaroubaceae :  Alanthus  altissinia  (Mill.)  Swingle.  Ana- 
cardiaceae:  Rhus  aromatica  Ait., 2  R.  glabra  L.,  R.  radicans  L.,  R. 
typhina  L.  Aquif oliaceae :  Ilex  verticillata  (L.)  Gray.2  Celastraceae : 
Euonymus  atropurpureus  Jacq.,  E.  obovatus  Nutt.,  Celastrus  scandens 
L.  Staphyleaceae:  Staphylea  trifolia  L.  Aceraceae:  Acer  Negundo  L., 
A.  Negundo  var.  violaceum  (Kirsch.)  Jacq.  A.  nigrum  Michx.  f.,  A. 
rubrum  L.,  A.  saccharinum  L.,  A.  saccharum  Marsh.  Sapindaceae: 
Aescidus  glabra  Willd.  Rhamnaceae:  Rhamnus  lanceolata  Pursh., 
Ceanothus  americanus  L.3  Vitaceae:  Vitis  aestivalis  Michx.,  V.  Labrusca 
L.,  y.  riparia  Michx.,  V.  vulpina  L.,  Parthenocissus  quinque folia  (L.) 
Planch.,  P.  inserta  (Kerner)  K.  Fritsch.  Tiliaceae:  Tilia  americana  L. 
Hypericaceae :  Hypericum  spathulatum  (Spach)  Steud.2  Nyssaceae: 
Nyssa  sylvatica  var.  typica  Fern.,  N.  sylvatica  var.  caroliniana  (Poir.) 
Fern.  Cornaceae:  Cornus  alternifolia  L.  f.,  C.  Drummondi  Meyer,  C. 
florida  L.,  C.  racemosa  Lam.,  C.  obliqua  Raf.,  C.  stolonifera  Michx. 
Oleaceae:  Fraxinus  americana  L.,  F.  nigra  Marsh.,  F.  pennsylvanica 
Marsh.,  F.  pennsylvanica  var.  subintegerrima  (Vahl.)  Fern.,  F.  quad- 
rangulata  Michx.  Apocynaceae:  Vinca  minor  L.  Solanaceae:  Solanum 
Dulcamara  L.  Bignoniaceae:  Campsis  radicans  (L.)  Seem.  Rubiaceae: 
Cepkalanthus  occidentalis  L.  Caprif oliaceae :  Sambucus  canadensis  L., 
Viburnum  acerifolium  L.,  V.  dentatum  var.  Deamii  (Rehd.)  Fern.,  V. 
Lentago  L.,  V.  pruni folium  L. 


2.  Species  considered  relatively  rare,  often  with  only  one  or  two  stations. 

3.  Reported  previously  from  Wayne  County,  but  not  known  to  occur  now. 


Notes  on  Gyromitra   esculenta   Fr. 

John   0.   Cottingham,  Indianapolis 

Since  my  article  on  the  subject  "Mycophagy"  was  published  in  the 
Proceedings  of  the  Indiana  Academy  of  Science,  volume  61,  1952,  more 
information  has  been  obtained  regarding  the  toxic  qualities  of  G. 
esculenta.  I  received  a  letter  dated  November  18,  1952,  from  Dr.  C.  M. 
Christensen,  Professor  of  Plant  Pathology,  and  Mycologist  of  the  Uni- 
versity of  Minnesota,  and  I  quote  from  his  letter: 

"I  thought  you  might  be  interested  in  knowing  that  five  people 
near  Pine  River,  Minnesota,  were  killed  by  eating  this  mushroom 
(Gyromitra  esculenta)  in  1938.  The  mycologist  of  our  division  identified 
the  mushrooms  so  there  is  not  much  doubt  about  their  identity.  I  have 
never  counted  up  the  cases  reported  more  or  less  annually  in  the  pre-war 
German  popular  mycology  journal  'Zeitschrift  fur  Pilzkunde,'  but  illness 
of  various  degrees  of  severity  and  also  cases  of  fatal  poisoning  unques- 
tionably due  to  eating*  G.  esculenta  were  reported  in  it  nearly  every 
spring.  Gussow  &  Odell,  p.  235  state  authentic  cases  are  known  of  sick- 
ness and  even  fatal  results  following  the  eating  of  this  species.  Seaver, 
in  his  North  American  Cup  Fungi  (Operculates)  1942  edition,  p.  27 
states  in  regard  to  this  fungus  'Some  mycologists  claim  to  have  eaten 
it  without  the  slightest  discomfort,  but  if  used  at  all,  one  should  proceed 
very  cautiously.'  I  certainly  would  not  want  to  recommend  as  choice 
eating  any  fungus  that  has  been  known  to  kill  as  many  as  Gyromitra 
esculenta  has.  Sure,  it  is  eaten  by  the  carload,  but  that  is  small  satis- 
faction to  those  who  have  been  poisoned  by  it." 

Kauffman  reports  numerous  cases  of  poisoning  from  eating  this 
species  and  he  quotes  Tolbert  as  saying  that  there  are  records  of  160 
cases  of  poisoning  from  this  cause.  Kauffman  also  states  that  this 
species  is  common  around  Port  Huron  and  is  eagerly  sought  for  and 
sometimes  sold  on  the  market. 

Although  many  people,  including  myself,  have  eaten  G.  esculenta 
with  impunity;  since  the  evidence  is  overwhelming  that  this  species 
has  caused  the  death  of  many  people,  it  would  seem  to  be  the  part  of 
wisdom  to  either  leave  this  mushroom  alone  or  to  test  it  carefully  as 
I  did.  I  ate  a  well  cooked  piece  about  the  size  of  a  quarter,  and  then 
waited  until  the  next  day  when  I  ate  a  piece  about  the  size  of  a  dollar; 
then  a  larger  piece  was  eaten  the  third  day.  Since  there  was  no 
unfavorable  reaction,  I  ate  half  of  the  mushroom,  and  have  eaten  many 
more   since  that  time. 

There  are  many  forms  of  this  mushroom.  Dr.  Fred  J.  Seaver 
describes  Elvella  infula  Schaeff,  which  he  terms  synonomous  with  G. 
esculenta.  This  is  a  saddle-shaped  mushroom  that  grows  on  wood  and 
which  he  says  is  found  in  the  summer  and  fall.  Of  course,  this  is  not 
the  same  G.  esculenta  that  grows  here  only  in  the  spring,  which  never 
grows  on  wood  and  is  not  saddle-shaped. 
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Dr.  Alexander  H.  Smith,  mycologist  of  the  University  of  Michigan, 
shows  a  photograph  of  Helvella  esculenta,  which  he  terms  synonomous 
with  G.  esculenta,  on  reel  No.  1  of  his  beautiful  photographs  of  "Mush- 
rooms in  Their  Natural  Habitats."  This  photo  shows  the  gyrose  form 
with  two  lateral  lobes.  This  gyrose  form  is  probably  the  most  common 
form  of  this  mushroom. 

Also  there  is  the  globular  form  which  I  have  eaten  and  enjoyed 
very  much.  A  good  description  of  this  form  is  given  by  Dr.  Rene 
Pomerleau,  Professor  of  Plant  Pathology  and  Mycology  at  Lavel  Uni- 
versity, Montreal.  He  describes  G.  esculenta  as  globular,  irregularly 
folded  and  convoluted  like  a  brain.  He  says  he  has  eaten  this  species 
many  times  but  it  is  to  be  used  with  caution.  His  description  agrees 
with  what  I  have  found  to  be  the  edible  G.  esculenta  but  my  experience, 
and  that  of  many  others  does  not  necessarily  mean  that  it  is  a  safe 
species  for  everybody  to  eat. 

Could  it  be  that  other  forms  are  more  dangerous  than  the  globose 
form? 


Hybridization  of  perennial  sunflowers  in  Indiana1 

R.  C.  Jackson?  and  A.  T.  Guard,  Purdue  University 

During  the  course  of  a  field  study  of  perennial  sunflowers  in  Indiana, 
a  number  of  naturally  occurring  interspecific  hybrids  were  found.  The 
most  extensive  investigation  was  carried  out  in  the  Lake  Area  where  a 
number  of  the  species  native  to  the  state  may  often  be  found  growing 
in  close  proximity  to  each  other.  Previously,  Smith  (1952)  and  Long 
(1954)  have  reported  natural  hybrids  between  certain  of  the  perennial 
species  of  Helianthus  found  in  Indiana.  However,  in  the  present  study 
six  new  hybrid  combinations  are  listed  as  occurring  naturally.  Inasmuch 
as  some  of  the  hybrids  were  found  to  occur  frequently  a  detailed 
description  of  their  morphology  and  ecology  is  given.  It  is  believed 
that  these  descriptions  will  be  of  considerable  aid  to  future  workers  in 
Indiana  flora. 

Representative  specimens  of  the  hybrids  listed  here  are  deposited  in 
the  Herbarium  of  Indiana  University  and  in  the  Herbarium  of  Purdue 
University. 

Helianthus  mollis  x  H.  occidentalis  (fig.  1) 
Perennial;  stem  0.5-2.0  m.  high,  strigose-hispid  to  velutinous,  either 
more  leafy  than  H.  occidentalis  below  or  sparingly  so  throughout;  leaves 
sessile,  the  medium  ones  opposite,  oblong-ovate,  broadly  decurrent  to 
cuneate  at  the  base,  the  apex  acute  to  slightly  obtuse,  scabrous-hispid 
above,  ashy  and  strigose  beneath;  inflorescence  of  one  or  many  heads, 
in  the  latter  case  the  peduncles  are  alternate,  pubescence  of  the  peduncles 
hispid  and  variable  in  length;  head  diameter  across  the  disc.  0.9-2.0  cm., 
rays  10-20,  conspicuous,  phyllaries  lanceolate,  loose,  and  spreading,  equal 
to  or  exceeding  the  disc,  scabrous-hispid  to  villous;  rhizome  slender, 
roots  fibrous. 

Hybrids  of  this  combination  have  been  collected  in  Starke,  White, 
Jasper,  Cass,  and  Pulaski  Counties.  In  these  areas  Helianthus  mollis 
Lam.  and  H.  occidentalis  Riddell  were  generally  found  on  open  sand 
ridges  around  cultivated  fields  or  along  railroad  right-of-ways.  In  most 
instances  wherever  the  two  species  were  found  growing  together  natural 
hybrids  could  be  located.  The  size  of  the  hybrid  population  varied  from 
eight  individuals  to  over  one-thousand  in  an  exceptional  case.  The 
average  hybrid  population  consisted  of  about  three  hundred  individuals. 
Altogether  fourteen  different  populations  were  located,  and  sample  col- 
lections were  made  of  most  of  them. 

Although  there  was  considerable  morphological  variation  in  and 
among  the  various  hybrid  populations,  the  description  which  is  given 
is  designed  to  include  all  variation  observed. 


1.  Field  work  for  this  study  was  made  possible  by  a  grant  from  the  Indiana 
Academy  of  Science. 

2.  Present    address  :    Department    of    Biology,    Univ.    of    New    Mexico,    Albu- 
querque, New  Mexico. 
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Helianthus  mollis  x  H.  grosseserratus  (fig.  2) 
Perennial;  stem  0.5-1.0  m.  high,  scabrous-hirsute,  branched  above  in 
large  individuals,  the  branches  ascending;  leaves  opposite  below  and  to 
the  median  part  of  the  stem,  becoming  alternate  and  gradually  smaller 
above,  sessile,  acute  to  obtuse  at  the  apex,  the  base  cuneate,  the  two 
main  lateral  veins  diverging  from  the  midrib  0.8-2.7  cm.  from  the  base 
in  median  leaves,  sparsely  to  densely  scabrous-hispid  above  and  below; 
inflorescence  of  one  to  several  heads,  the  peduncles  alternate,  medium  to 
stout;  heads  0.9-2.5  cm.  across  the  disc,  phyllaries  lanceolate  to  broadly 
so,  shorter  than  or  sometimes  exceeding  the  disc,  puberulous  to  scabrous- 
tomentose  on  the  back;  rhizome  stout,  roots  fibrous  and  abundant. 

Only  one  hybrid  population  between  H.  mollis  and  H.  grosseserratus 
Martens  was  found  in  two  summers  of  field  work.  Both  species  are 
commonly  found  together  along  railroad  right-of-ways  and  fence-rows. 
Doubtless  this  hybrid  rarely  occurs  naturally.  The  population  sampled 
contained  153  individuals  and  was  growing  between  highway  421  and 
the  railroad  tracks  0.8  miles  north  of  Chalmers  in  White  County.  In 
this  area  H.  grosseserratus  usually  flowers  later  than  H.  mollis.  How- 
ever, mowing  of  the  area  between  the  railroad  and  highway  sometimes 
causes  the  cut-over  plants  of  H.  mollis  to  produce  lateral  shoots  which 
flower  later  than  normal.  It  is  quite  probable  that  this  resulted  in  the 
formation  of  the  hybrids  which  were  found.  Seeds  collected  from  the 
putative  hybrids  were  grown  in  the  greenhouses  at  Purdue  University 
and  yielded  a  number  of  plants  very  much  like  the  parental  species 
while  others  were  variously  intermediate.  A  great  many  of  the  progeny 
were  decidedly  different  from  any  of  the  hybrids  collected  in  the  field. 

Helianthus  mollis  x  H.  giganteus  (fig.  3) 
Perennial;  stem  1.0-2.0  m.  high,  scabrous  to  hirsute,  usually 
branched  above;  leaves  opposite  at  the  median  part  of  the  stem,  alternate 
and  smaller  above,  sessile,  lanceolate  to  elliptic  in  shape,  cuneate  at 
the  base,  scabrous-strigose  or  hispid  above,  softly  tomentose  to  hirsute 
beneath;  inflorescence  an  open  lax  panicle,  branches  ascending,  peduncles 
leafy,  and  usually  densely  pubescent;  head  diameter  1.5-2.0  cm.  across 
the  disc,  rays  16-23,  phyllaries  linear-lanceolate,  densely  hispid-hirsute 
and  spreading  ciliate,  loosely  ascending,  and  longer  than  the  disc; 
rhizomes  short  and  stout,  roots  fibrous. 

Helianthus  giganteus  L.  is  usually  found  in  more  moist  habitats 
than  the  other  species.  In  the  northern  part  of  the  state  it  has  been 
collected  in  bogs,  along  lake  edges  and  streams,  and  in  low  wet  pastures. 
Where  these  habitats  bound  the  somewhat  drier  and  more  open  habitat 
of  H.  mollis,  hybrids  between  the  two  species  are  often  found.  This  is 
especially  true  where  such  areas  have  been  recently  and  extensively 
disturbed. 

Hybrids  between  H.  mollis  and  H.  giganteus  have  been  collected  in 
Starke,  Sullivan,  and  Marshall  Counties.  Specimens  for  the  latter  two 
counties  were  collected  by  C.  C.  Deam  and  are  in  the  Indiana  University 
Herbarium.  As  a  rule,  hybrid  populations  of  these  two  species  were 
rather  small,  sometimes  consisting  of  as  few  as  one  or  two  clones.   The 
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largest  population  contained  twenty-six  clones,  and  this  was  in  a  recent 
disturbed  habitat. 

Helianthus  mollis  x  H.  divaricatus  (fig.  4) 
Perennial;  stem  0.5-1.5  m.  high,  hispid;  leaves  opposite,  sessile,  sub- 
cordate  to  broadly  ovate,  broadest  at  the  base,  the  two  main  lateral 
veins  diverging  from  the  midrib  0.2-0.5  cm.  from  the  base,  hirsute  to 
scabrous  above  and  below;  head  diameter  0.9-2.0  cm.  across  the  disc, 
rays  12-17,  phyllaries  broadly  lanceolate,  equal  to  or  exceeding  the  disc, 
loose,  velutinous  to  villous;  inflorescence  cymose  or  racemose  or  at  times 
consisting  of  a  single  head;  rhizomes  abundant  and  thin,  roots  fibrous. 
H.  divaricatus  L.  is  usually  found  in  woods  openings  and  along 
their  edges.  This  species  has  been  found  to  hybridize  with  H.  mollis  in 
such  areas  of  disturbance  as  cut-over  woodlands  and  fence-rows,  and 
along  roadsides  at  the  edges  of  woods.  A  rather  large  population  of 
hybrids  was  located  at  the  edge  of  the  Jasper-Pulaski  State  Game  Pre- 
serve. H.  divaricatus  grew  along  the  edge  of  the  woods  while  H.  mollis 
was  found  on  the  levee  of  a  drainage  ditch  in  the  open.  The  hybrids 
were  growing  between  the  two  species  populations  in  a  fire  lane. 
Hybrids  were  found  in  similar  habitats  in  other  areas  of  Pulaski  and 
Starke  Counties. 

Helianthus  occidentalis  x  H.  grosseserratus  (fig.  5) 
Perennial;  stem  1.0-1.3  m.  high,  slightly  scabrous  below,  becoming 
more  pubescent  above;  leaves  of  the  median  part  of  the  stem  opposite, 
becoming  alternate  above,  ovate-lanceolate  with  an  attenuated  base 
ending  in  a  distinct  petiole,  scabrous  beneath  and  only  slightly  so  above; 
inflorescence  cymose-paniculate,  the  branches  rather  long,  peduncles 
slender,  hispid  with  upwardly  appressed  trichomes;  heads  about  1.6  cm. 
across  the  disc,  rays  about  fourteen;  phyllaries  ciliate,  puberulous  on 
the  backs,  somewhat  exceeding  the  height  of  the  disc,  lanceolate  and 
slightly  acuminate;  rhizomes  slender,  roots  fibrous. 

Two  natural  hybrids  between  these  two  species  were  found.  They 
were  located  approximately  3.7  miles  north  of  Monon  in  White  County 
between  highway  421  and  the  railroad  track.  The  soil  was  sandy  and 
very  few  plants  of  H.  grosseserratus  were  growing  in  the  immediate 
vicinity. 

Helianthus  occidentalis  xH.  divaricatus  (fig.  6) 
Perennial;  stem  1.0-1.3  m.  high,  pubescence  on  the  upper  part  of 
long  puberulous  and  shorter  upwardly  appressed  trichomes;  leaves 
opposite,  lanceovate  with  an  attenuate  base,  petiole  up  to  2  cm.  long, 
the  two  main  lateral  nerves  diverging  from  the  midrib  0.2-2.5  cm.  from 
the  leaf  base,  some  plants  having  sessile  leaves  with  an  attenuate- 
cuneate  base,  pubescence  of  the  leaves  scabrous  above  and  below,  the 
trichomes  fine  and  rather  long;  inflorescence  corymbose-paniculate  with 
the  branching  mostly  opposite,  peduncles  long,  slender,  and  hispid,  in 
small  plants  the  inflorescence  consisting  of  one  or  two  heads,  head 
diameter  0.8-1.2  cm.  across  the  disc,  rays  9-14,  phyllaries  lanceolate  with 
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ciliate  margins,  scabrous  on  the  back  and  midrib,  longer  than  the  disc 
and  somewhat  loose ;  rhizome  up  to  0.5  cm.  thick  in  dried  specimens,  roots 
fibrous. 

Apparently  natural  hybridization  between  H.  occidentalis  and  H. 
divaricatiis  does  not  occur  readily.  A  large  number  of  mixed  populations 
of  the  two  species  were  examined  over  a  two  year  period,  and  only 
two  hybrid  populations  were  located.  Each  population  consisted  of  ap- 
proximately twenty  individuals.  However,  the  two  populations  were 
somewhat  different  from  each  other  in  morphological  characteristics  so 
that  some  segregation  had  evidently  occurred.  One  population  was 
located  in  a  cut-over  woodland  at  the  southcentral  part  of  the  Tippe- 
canoe River  State  Park  along  highway  35.  Both  populations  occurred 
in  Pulaski  County. 

Probably  the  plant  habitats  in  the  part  of  northern  Indiana  studied 
were  not  greatly  disturbed  until  an  adequate  drainage  system  for  the 
wetter  areas  was  developed.  In  Starke  County  this  occurred  in  1892 
and  1901  (Grimes  et  al.,  1917).  Until  this  period  farming  was  mostly 
on  the  higher  sand  ridges.  With  the  advent  of  agriculture  on  a  more 
extended  basis,  woodlands  were  cut  over  and  a  great  number  of  new 
plant  habitats  were  developed.  Where  such  disturbance  occurred,  hybrids 
between  a  number  of  the  species  listed  here  were  produced.  That  some 
of  the  hybrid  populations  are  quite  old  is  borne  out  by  the  fact  that 
one  frequently  finds  the  hybrids  of  H.  mollis  and  H.  occidentalis  in  well 
developed  second  growth  timber.  Such  hybrids  do  not  attain  maximum 
growth  in  this  habitat  and  will  probably  not  persist  much  longer.  How- 
ever, the  presence  of  hybrids  between  two  heliophytic  species  in  such 
shaded  habitats  would  seem  to  indicate  that  they  were  not  of  recent 
origin. 

Although  there  is  no  doubt  of  the  authenticity  of  the  natural  hybrids 
which  have  been  collected,  an  attempt  has  been  made  to  produce  all 
of  them  artificially.  Thus  far  the  following  interspecific  hybrids  have 
been  synthesized  by  the  writers:  H.  mollis  x  H.  giganteus,  H.  mollis  x  H. 
divaricatus,  H.  mollis  x  H.  grosseserratus,  and  H.  mollis  x  H.  occidentalis. 
Seed  for  other  crosses  has  been  obtained,  but  it  has  not  been  grown  yet. 
Detailed  data  on  the  fertility  and  cytology  of  natural  and  artificial 
hybrids  presented  here  are  given  by  Jackson  (1955). 

Summary 

Six  naturally  occurring  interspecific  hybrids  of  Helianthus  are  re- 
ported for  Indiana.  Detailed  descriptions  of  the  hybrids,  and  notes  on 
their  occurrence  and  ecology  are  presented.  Some  of  the  hybrids,  notably 
H.  mollis  x  H.  occidentalis  and  H.  mollis  x  H.  giganteus,  are  rather 
common  in  some  areas. 

It  is  suggested  that  the  production  of  some  of  the  hybrids  considered 
here  may  have  begun  in  the  late  1800's  with  the  advent  of  increased 
agricultural  practices  which  resulted  in  the  production  of  new  disturbed 
habitats. 
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Fig.  1.  Helianthus  mollis  x  H.  occidentalis 

Fig.  2.  Helianthus  mollis  x  H.  grosseserratus 

Fig.  3.  Helianthus  mollis  x  H.  giganteus 

Fig.  4.  Helianthus  mollis  x  iJ.  divaricaUis 

Fig.  5.  Helianthus  occidentalis  x  i?.  grosseserratus 

Fig.  6.  Helianthus  occidentalis  x  i7.  divaricatus 
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ABSTRACTS 

The  Effect  of  Alcohol  on  the  Response  Level  in  Rats.  B.  B.  Scar- 
borough, B.  L.  Brown  and  J.  M.  Wheaton,  DePauw  University. — A 
number  of  experiments  have  indicated  that  alcohol  reduces  anxiety  in 
animals  in  approach-avoidance  situations.  An  important  consideration  is 
whether  alcohol  brings  about  a  diminution  in  visceral  and  motor  com- 
ponents associated  with  anxiety  only  as  long  as  it  is  within  the  system 
of  the  organism  or  whether  alcohol  effects  a  relatively  permanent  reduc- 
tion in  the  anxiety-producing  properties  of  the  external  stimulus  situation. 

A  group  of  18  male  hooded  rats  were  trained  by  being  shocked  for 
two  trials  a  day  for  eight  days  for  two  minutes  per  trial  in  a  modified 
Skinner  box.  A  bar  located  in  the  side  of  the  box  could  be  depressed 
to  cut  off  the  shock  and  simultaneously  activate  an  electric  timer.  The 
time  each  rat  pressed  the  bar  was  recorded  and  used  as  basis  for 
dividing  the  rats  into  two  equal  groups.  During  the  test  trials  one 
group  was  injected  intraperitoneally  with  1.5  cc  of  10%  solution  of 
ethyl  alcohol  per  100  grams  of  body  weight.  The  other  group  received 
injections  of  1.5  cc  of  distilled  water  per  100  grams  of  body  weight. 
Four  minutes  after  injections  all  rats  were  placed  in  the  shock  box  for 
a  two-minute  period  without  shock.  The  bar-pressing  response  of  the 
alcohol  group  was  significantly  less  (.01  level  of  confidence)  than  that 
of  the  water  group.  During  the  extinction  trials,  which  were  given  72 
hours  following  the  test  trials,  both  groups  were  injected  with  water 
and  given  one  shockless  trial  per  day  for  five  days.  The  average  time 
the  alcohol  group  spent  on  the  bar  was  significantly  less  (.01  level  of 
confidence)  than  the  average  time  spent  on  the  bar  by  the  water  group. 
Following  the  five  extinction  trials  each  rat  was  given  five  relearning 
trials  without  any  injections.  There  was  little  difference  in  the  average 
rate  for  relearning  the  bar-pressing  response  (t  value  of  .16  with  2.31 
required  at  the  .05  level  of  confidence). 

The  results  of  the  experiment  indicated  that  (1)  alcohol  did  reduce 
anxiety  in  rats  with  anxiety  defined  in  terms  of  a  bar-pressing  response 
made  in  a  situation  previously  made  fearful  by  shock  (2)  the  fear-reduc- 
ing qualities  of  alcohol  last  at  least  72  hours  after  injection.  The  effects 
of  alcohol  in  reducing  anxiety  persisted  beyond  the  period  of  anticipated 
physiological  involvement.  Thus  the  results  indicate  that  alcohol  brings 
about  a  relatively  permanent  reduction  of  the  fear-producing  properties 
of  a  feared  situation. 

There  is  another  possible  hypothesis  which  may  account  for  the 
findings  of  this  study.  As  a  result  of  the  alcohol  on  the  visceral  and 
motor  and /or  cortical  activity  the  rats  learn  different  responses  in  the 
test   trials    and    therefore    exhibit   different   extinction   rates.     However, 
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after  five  trials  the  water  group  has  also  experienced  considerable  ex- 
tinction and  have  learned  some  new  responses.  Therefore  by  end  of 
the  extinction  trials  both  groups  have  learned  different  responses  to 
the  original  stimulus  situation  to  an  extent  that  the  difference  in  their 
relearning  rates  was  not  significant. 

An  Experimental  Study  of  Learning  in  the  Immediate  Post-Electro- 
Shock  Period.  George  A.  Zirkle,  Hanover  College. — The  purpose  of  this 
study  was  to  investigate  the  effects  of  electro-convulsive  shock  on  the 
learning  ability  of  mental  patients.  Subjects  were  5  female  and  3  male 
psychotic  patients  at  Madison  State  Hospital.  All  were  literate,  co- 
operative, and  in  fairly  good  contact. 

Three  types  of  learning  materials  were  employed — pictorial,  verbal, 
and  numerical.  Pictorial  materials  were  16  mannikin  drawings,  with 
varying  conditions  and  objects  at  15  locations  on  the  pictures.  Each 
also  contained  an  eight-word  mental  hygiene  aphorism.  Verbal  ma- 
terials were  16  lists  of  paired  adjectives.  Numerical  materials  were  16 
lists  of  2  to  8-place  numbers  ranged  in  the  pattern  of  the  Wechsler- 
Bellevue  scale. 

Six  runs  of  the  three  types  of  materials  were  given  before  shock 
to  establish  a  control  level  of  performance.  Three  runs  each  were  pre- 
sented after  three  electro-convulsive  shocks,  making  a  total  of  9  experi- 
mental runs.  Experimental  testing  began  as  soon  after  shock  as  patients 
could  walk  to  a  nearby  examining  room,  an  average  fcr  all  subjects  of 
18  Mj  minutes  later.  The  second  run  followed  immediately  after  the  first, 
an  average  of  38%  minutes  after  shock.  The  third  run  came  after  the 
subjects  had  had  lunch,  an  average  of  2%  hours  after  shock. 

Results  showed  a  profound  interference  of  shock  with  learning 
performance.  Critical  ratios  of  the  difference  between  experimental 
means  on  the  first  run  after  shock  and  control  means  are  highly  sig- 
nificant for  the  mannikin  and  paired  adjectives  materials,  being  re- 
spectively 12.39  and  7.26.  Like  ratios  for  the  second  run  were  4.23  and 
2.89.  By  the  third  run,  experimental  performance  returned  to  control 
levels.    Little  effect  of  shock  on  the  learning  of  numbers  was  noted. 

Implications  of  the  findings  for  psychotherapy  in  the  post-shock 
period  were  noted. 

The  Relation  Between  the  Human  Blink  Rate  and  Induced  Muscu- 
lar Tension.  Donald  C.  King,  Purdue  University. — The  blink  rate  of 
sixty-six  college  psychology  students  was  recorded  for  one  minute 
while  the  subjects  were  relaxed,  while  they  squeezed  two  hand  dy- 
namometers simultaneously  with  one-eighth  of  their  maximum  grip,  and 
while  they  squeezed  the  dynamometers  with  three-eighths  of  their  maxi- 
mum grip.  These  three  records  were  made  for  each  subject  in  two 
different  experimental  settings.  In  the  first  setting  (Part  1)  the  subjects 
were  unaware  that  their  blink  rates  were  being  recorded.  In  the  second 
setting  (Part  2)  the  subjects  were  aware  that  their  blink  rates  were 
being  recorded  and  were  told  to  attempt  to  inhibit  their  blinking. 

The  data  obtained  were  analyzed  to  determine  the  effect  of  induced 
muscular  tension  upon  the  blink  rate,  the  difference  in  the  blink  rate 
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during  twenty-second  periods  under  the  same  degree  of  tension,  and  the 
correlation  between  the  total  number  of  blinks  in  Part  1  and  Part  2  of 
the  experiment.  A  replicated  3x3  Latin  square  design  was  used  in  the 
experiment. 

Subjects  blinked  significantly  more  during  both  tension  conditions 
than  was  the  case  for  the  relaxed  condition  in  both  parts  of  the  experi- 
ment. In  Part  1  there  was  no  significant  difference  in  the  blink  rate 
during  the  two  conditions  of  induced  muscular  tension.  In  Part  2,  the 
subjects  blinked  significantly  more  while  working  with  three-eighths  of 
their  maximum  grip  than  was  the  case  with  one-eighth  of  their  maximum 
grip.  There  was  no  significant  differences  in  number  of  blinks  between 
twenty-second  periods  of  recording  for  any  of  the  three  conditions  of 
recording  in  Part  1. 

The  correlation  between  the  subjects'  total  score  on  Part  1  and 
their  total  score  on  Part  2  was  .50. 

A  possible  explanation  of  the  results  is  that,  when  there  is  muscular 
tension  in  the  hand,  there  is  response  interaction  resulting  from  spatial 
summation  with  a  consequent  reduction  in  the  amount  of  sensory  input 
needed  to  trigger  an  eye  blink.  Spatial  summation  is  possible  because 
of  the  proximity  in  the  motor  cortex  of  the  motor  channels  of  the  hand 
and  those  responsible  for  the  eye  blink. 

Electroshock  and  Conditioned  Avoidance  Learning  in  the  White  Rat. 
L.  A.  Doty,  Purdue  University. — The  purpose  of  this  investigation  was 
to  determine  the  effects  of  a  series  of  10  electroconvulsive  shocks  upon 
the  relearning  and  extinction  of  a  conditioned  avoidance  response. 

Thirty-four  male  albino  rats  learned  a  conditioned  avoidance  re- 
sponse which  required  the  animals  to  cross  a  barrier  to  escape  shock 
to  the  feet  following  the  presentation  of  the  conditioned  stimulus. 
Animals  were  assigned  to  experimental  and  control  groups.  These 
groups  were  equated  on  the  basis  of  the  series  of  original  learning  trials. 
The  experimental  animals  then  received  a  series  of  electroconvulsive 
shocks,  one  each  day  for  ten  days.  Control  animals  were  given  pseudo- 
shock. 

Following  this  series  of  treatments,  all  animals  relearned  the  condi- 
tioned avoidance  response.    One  day  later  the  response  was  extinguished. 

Analysis  of  the  results  obtained  during  the  relearning  and  extinc- 
tion trials  clearly  differentiated  between  shocked  and  control  animals. 
Those  animals  that  received  convulsive  shock  showed  a  definite  impair- 
ment in  ability  to  relearn  the  conditioned  response.  Five  animals  failed 
to  relearn.  The  conditioned  response  was  also  found  to  be  much  more 
resistant  to  extinction  in  the  control  animals  than  in  the  shocked  group. 

Expectancy  and  the  Extinction  of  Expectancy  in  the  Rat.  F.  E. 
Goodson,  G.  W.  Lewis  and  R.  R.  Kimbell,  DePauw  University. — A  group 
of  20  female  hooded  rats  was  given  5  training  trials  per  day  for  8  days  in 
a  single  unit  T  maze  while  under  22  hours  food  deprivation.  On  three  of 
these  trials  Ss  were  reinforced  with  a  mixture  of  bread,  milk  and  sugar 
in  the  right  hand  goal  box.  On  the  other  two  trials  Ss  were  reinforced 
with  the  same  food  in  the  left  hand  goal  box.  On  all  trials  Ss  were 
forced  to  go  to  the  right  hand  goal  box  before  going  left  on  left  hand 
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goal  box  reinforcement  trials.  The  position  of  the  reinforcement  was 
determined  from  a  sequence  obtained  from  a  table  of  random  numbers. 

During  the  test  trials  wet  mash  was  placed  in  the  right  hand  goal 
box.  It  was  hypothesized  that  Ss  would  fail  to  eat  the  wet  mash  in 
the  right  hand  goal  box  and  that  they  would  make  the  "expectancy" 
response  to  the  left  hand  goal  box  where  no  food  was  available. 

On  the  first  test  trial,  when  wet  mash  was  placed  in  the  right  hand 
goal  box,  only  one  animal  ate  the  wet  mash  during  the  20  second  test 
period,  and  12  of  the  Ss  made  the  "expectancy"  response  to  the  left 
hand  goal  box. 

In  order  to  test  the  hypothesis  that  Ss  failed  to  eat  and  made  the 
"expectancy"  response  because  of  stimulus  disruption  another  group  of 
23  female,  hooded  rats  were  given  identical  training  except  that  the 
foods  were  reversed.  That  is,  these  Ss  were  trained  with  wet  mash  and 
tested  with  bread,  milk  and  sugar. 

On  the  first  test  trial  all  of  these  animals  ate  the  bread,  milk  and 
sugar  during  the  test  period  and  only  two  made  the  "expectancy" 
response.  The  difference  between  the  two  groups  was  significant  at 
the  1%  level  of  confidence.  In  all  cases  the  "expectancy"  response  ex- 
tinguished by  the  3rd  test  trial. 

The  Effects  of  an  Interpolated  Response  on  Spontaneous  Recovery. 

Richard  Millward,  Indiana  University. — The  typical  spontaneous  re- 
covery experiment  has  four  periods:  1.  A  conditioning  period  during 
which  the  basic  response  is  learned.  2.  An  extinction  period  in  which 
the  basic  response  is  extinguished.  3.  A  "blank"  period  in  which  recovery 
has  an  opportunity  to  occur.  Finally  4.  A  test  period.  This  experiment 
is  concerned  with  the  effect  upon  spontaneous  recovery  of  interpolated 
learning  during  the  "blank"  period  of  a  response  similar  to  the  basic 
one;  and  secondly,  the  effect  upon  spontaneous  recovery  when  such  a 
response  has  been  learned  and  it  is  extinguished  in  the  test  period. 

Three  groups  of  five  male  rats  each  around  125  days  old  and 
maintained  at  80  per  cent  body  weight  were  used.  They  were  run  in 
a  Skinner  Box  with  two  bars,  A  and  B,  each  removable.  All  three 
groups  learned  the  basic  response,  bar-A  and  received  100  regular  rein- 
forcements to  it.  Then  they  were  extinguished  to  bar-A  for  50  minutes. 
In  the  "blank"  period  group  1  was  placed  in  the  cage  with  no  bars 
present  for  30  minutes.  The  second  and  third  groups  were  conditioned 
to  a  second  response,  bar-B  and  received  60  regular  reinforcements  to 
it.  In  the  test  period  groups  1  and  2  were  extinguished  only  to  the  basic 
response,  bar-A.  Group  3  was  extinguished  to  both  the  basic  response, 
bar-A  and  the  interpolated  response,  bar-B. 

Comparing  the  extinction  curves  in  the  fourth  period  for  group  1 
which  did  not  learn  the  interpolated  response  and  group  2  which  did; 
it  was  found  by  a  median  test  that  group  2  gave  a  significantly  greater 
number  of  responses  than  group  1  at  the  one  per  cent  level.  Comparing, 
in  a  similar  way,  group  2  which  learned  the  second  response  and  group  3 
which  also  learned  the  second  response  but  which  was  extinguished  on 
both  the  basic  responses  and  the  interpolated  response  in  the  test  period; 
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it  was  found  that  group  3  gave  a  significantly  lower  number  of  responses 
than  group  2  with  a  probability  of  .07. 

Thus,  interpolation  of  a  second  response  similar  to  the  basic  one 
seems  to  increase  the  amount  of  spontaneous  recovery;  while  extinction 
of  a  learned  interpolated  response  during  the  test  period  seems  to 
decrease  the  amount  of  spontaneous  recovery. 

Further  Changes  in  Attitudes  Toward  Germans,  Japanese,  Jews  and 

Nazis.  Lewis  E.  Albright  and  Arthur  Kirsch,  Purdue  University. — 
Five  measures  of  attitudes  toward  Germans,  Japanese,  Jews  and  Nazis 
were  made  over  a  20-year  period.  Presumably  similar  samples  of  intro- 
ductory psychology  students  at  Purdue  University  served  as  subjects  in 
the  years  1935,  1942,  1945,  1947  and  1955.  The  results  support  these 
conclusions  with  regard  to  the  present  study: 

1.  A  significant  increase  in  favorableness  of  attitude  has  occurred 
toward  Japanese,  Jews,  and  Nazis  since  1947.  This  increase  was 
accompanied  by  significantly  greater  homogeneity  of  attitudes 
toward  Jews,  and  significantly  greater  heterogeneity  of  attitude 
toward  Nazis. 

2.  No  significant  change  was  found  in  mean  attitude  toward  Ger- 
mans since  1947,  although  greater  heterogeneity  of  attitude  did 
occur. 

3.  In  this  study,  as  in  each  of  the  previous  investigations,  Germans 
were  ranked  highest  of  the  four  groups  in  favorableness. 

4.  Partial  evidence  still  supports  Remmers'  "general  tolerance 
factor." 

Discrimination  Learning  as  a  Function  of  the  Similarity  of  the 
Stimulus  Names.  Irma  Gerjuoy,  Indiana  University. — This  study,  using 
second,  third,  and  fourth  grade  children  as  Ss,  was  designed  to  test 
the  hypotheses  that  (1)  learning  dissimilar-sounding  nonsense  syllable 
names,  to  lights,  differing  only  with  respect  to  position,  should  result 
in  faster  acquisition  of  subsequent  button-pushing  responses  to  these 
lights  than  the  acquisition  of  similar-sounding  nonsense  syllable  names, 
(2)  overt  verbalization,  as  compared  to  no  overt  verbalization,  of  the 
stimulus  names  during  the  motor  task  should  result  in  faster  learning 
if  the  names  are  dissimilar  and  slower  learning  if  the  names  are 
similar,  and  (3)  the  acquisition  of  dissimilar-sounding  names  to  stimuli 
identical  with  those  of  the  motor  task  should  result  in  faster  learning 
of  the  motor  task  than  experience,  in  a  color-naming  task,  with  light 
stimuli  different  from  those  of  the  motor  task. 

The  results  of  the  motor  task  reveal  that  there  are  no  differences 
in  errors  or  trials  between  the  similar  and  dissimilar  conditions,  fewer 
trials  to  criterion  were  required  under  the  overt  verbalization  condition 
than  under  the  no  verbalization  condition,  and  there  is  some  evidence 
of  an  interaction  between  type  of  name  and  verbalization.  With  respect 
to  both  trials  and  errors  there  was  a  significant  difference  between  the 
name-learning  and  color-naming  pre-training  groups  in  favor  of  the 
former.    This  difference  was  more  pronounced  in  the  first  session  than 
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in  the  second  session.  There  was  also  a  significant  decrease  in  errors 
for  the  irrelevant  pre-training  group  from  the  first  to  the  second  session. 

The  third  hypothesis  was  the  only  one  unequivocally  confirmed.  The 
failure  to  confirm  the  other  predictions  may  be  due  to  the  simplicity 
of  the  task,  the  possibility  that  Ss  gave  other  verbal  names  to  the 
stimuli,  the  possible  absence  of  primary  generalization  among  the  stimuli, 
and /or  learning  to  respond  to  orientation-produced  cues. 

Two  and  Three  Item  Confusion  Matrices  for  a  Set  of  Three  English 
Syllables.  Herbert  Gerjuoy,  Indiana  University. — This  is  a  report  on 
theoretical  notions  and  practical  considerations  arising  in  work  in 
progress  supported  by  Air  Force  Contract  No.  AF  18  (600) -571  on  the 
discrimination  basis  of  confusion  matrix  data. 

Confusion  matrices  are  seen  as  arising  from  psychophysical  multiple 
discrimination  studies  involving  multiple-alternative  choices.  It  is  sug- 
gested that  a  combination  rule  be  sought  that  would  enable  the  calcula- 
tion of  theoretical  confusion  matrix  scores  from  scores  when  stimuli  are 
discriminated  in  a  two-alternative  choice  situation,  generating  2x2 
confusion  matrices. 

A  proposed  rule  would  make  the  ratio  between  any  two  response 
scores  for  a  given  stimulus  equal  the  ratio  of  the  scores  for  the  same 
responses  to  the  same  stimulus  in  two-alternative  situations. 

It  is  not  expected  that  data  will  generally  fit  this  simple  relation- 
ship. However  deviations  from  predictions  using  this  rule  may  be  taken 
as  defining  two  new  effects:  assimilation  where  there  is  greater  diffi- 
culty of  discrimination  than  predicted  (greater  confusion)  and  dissimila- 
tion where  there  is  less  confusion.  It  is  suggested  that  working  with 
residual  confusion  matrices  consisting  of  differences  between  theoretical 
and  observed  scores  may  lead  to  simpler  empirical  relationships  than 
working  with  tables  of  raw  confusion  data. 

An  experimental  test  of  the  hypothesis  compared  2x2  matrices 
with  a  3  x  3  matrix.  It  was  found  that  deviations  from  predictions  were 
significant  where  subjects  had  strong  pre-existing  response  preferences. 
As  designed,  the  experiment  was  part  psychophysical  and  part  learning, 
however  asymptotic  data  were  used  in  the  analysis.  It  is  suggested  that 
the  possibility  of  learning  be  considered  in  other  such  experiments. 

Extra-cranial  Localizations  of  the  Phantom  Sound.  F.  R.  Shoaf, 
Purdue  University. — An  investigation  into  directional  localization  of 
extra-cranial  perceptions  of  the  phantom  sound  was  conducted  with  nine 
male  and  nine  female  college  students.  Three  groups  of  six  subjects 
each  participated  in  replications  of  the  experiment. 

Intensity  differences  at  the  two  ears  were  combined  with  phase 
changes  to  determine  the  direction  of  their  influence  for  various  pure 
tones.  Binaural  intensity  differences  of  5,  10,  15,  and  20  decibels  were 
utilized  at  each  frequency  level  500  cps,  2000  cps,  and  5000  cps.  The 
standard  intensity  was  20  phon.  The  sound-sources,  two  receiver-type 
phones,  were  positioned  50  cm  from  each  ear  of  the  listener. 

It  was  found  that  use  of  the  phantom  sound  is  an  effective  technique 
for  accurately  demonstrating  the  influences  of  changes  in  the  binaural- 
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ratio  for  intensity.  These  intensity  changes  are  quite  sufficient  to  cause 
displacements  of  the  perceived  single  sound-source  to  extra-cranial  posi- 
tions in  favor  of  the  more  intense  tone.  On  the  average,  each  increase 
of  5  decibels  was  effective  in  causing  directional  judgments  to  be  displaced 
15°  in  azimuth. 

When  the  two  stimulating  tones  were  180°  out-of-phase,  the  profiles 
of  the  three  frequencies  were  quite  uniform.  When  the  tones  were  in- 
phase,  the  profile  of  the  500  cps  frequency  deviated  from  the  consistent 
trend  of  the  higher  pitch  tones. 

Spatial  Learning  as  Discrimination  Behavior.  I.  Steele  Russell,  In- 
diana University. — In  his  article  on  "Studies  in  Spatial  Learning  I.", 
Tolman  reports  evidence  of  short-cut  behavior  that  he  interprets  as 
being  based  on  a  cognitive  map  of  the  situation,  including  the  location 
of  the  goal.  The  purpose  of  this  study  is  to  examine  the  stimulus-role 
of  the  light  cue  in  the  Tolman  experiment.  If  orientation  is  in  terms 
of  a  cognitive  map  of  the  goal  location  in  the  environment,  alteration 
in  the  position  of  the  light  should  have  no  effect  on  short-cut  behavior 
as  it  still  illuminates  the  environment.  However,  if  behavior  is  mediated 
by  a  discriminated  light  cue  that  has  acquired  excitatory  properties  as 
an  Sc,  then  alteration  in  the  position  of  the  light  should  affect  per- 
formance.   This  experiment  seeks  to  decide  between  these  alternatives. 

The  subjects  were  twenty  rats,  ten  experimental  and  ten  control.  All 
Ss  in  the  two  groups  used  received  five  massed  daily  trials  on  an 
identical  maze  to  Tolman's  for  five  days.  On  the  five  test  trials,  the 
animals  were  presented  with  a  situation  involving  two  straight  paths 
from  the  choice  point  in  the  maze,  one  leading  to  the  former  goal  locus, 
the  other  away  at  an  angle  to  the  opposite  side  of  the  room.  For  the 
control  group,  the  position  of  the  light  remained  constant  (adjacent  to 
the  goal)  from  training  to  test  trials,  while  for  the  experimental  group 
the  light  was  moved  to  the  end  of  the  path  pointing  to  the  other  side 
of  the  room  from  the  goal. 

The  control  animals  made  42  choices  on  test  trials  to  the  goal  path, 
and  8  choices  to  the  path  that  pointed  neither  to  the  goal  nor  to  the 
light.  The  experimental  animals  showed  the  opposite  trend,  making  39 
choices  to  the  path  leading  to  the  light  cue,  and  11  choices  to  the  path 
that  leads  to  the  goal  locus.  These  results  were  significant  at  the  .001 
level,  thus  rejecting  the  hypothesis  that  the  choices  are  independent  of 
the  position  of  the  light.  These  results  would  seem  to  preclude  the 
Tolmanian  hypothesis  that  changes  in  the  position  of  the  light  will  have 
no  effect  on  short-cut  behavior,  that  goal  performance  is  based  on  a 
cognitive  map  and  that  the  function  of  the  light  is  solely  in  terms  of 
illumination.  On  the  contrary,  the  path  choices  or  short-cut  behavior  is 
perhaps  more  convincingly  seen  in  terms  of  a  generalized  approach 
response  to  a  discriminated  light  cue,  and  not  the  location  of  the  goal. 
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Effects  of  Iradiation  of  Asoaris  Eggs.  C.  S.  Bachofer,  University 
of  Notre  Dame. — Fertilized  eggs  of  Ascaris  lumbricoides  suum,  still  in 
the  pronuclear  stage,  were  irradiated  with  X-rays  and  with  ultraviolet 
radiation.  All  eggs  showed  considerable  delay  in  the  initiation  of 
pronuclear  fusion,  as  well  as  delay  in  cell  cleavage  and  prevention  of 
embryogenesis.  The  first  point  was  contrary  to  results  reported  with 
Arbacia,  in  which  X-irradiation  had  no  effect  on  the  time  required  for 
fusion  of  pronuclei. 

Sharp  differences  in  the  effects  of  X-rays  and  UV  were  found.  A 
dose  of  X-rays  capable  of  producing  a  400%  increase  in  the  time  required 
for  the  initiation  of  pronuclear  fusion  produced  an  increase  of  50%  in 
the  time  required  for  cell  cleavage.  This  dose  of  X-rays  prevented  70% 
of  the  eggs  from  completing  embryogenesis.  On  the  other  hand,  a  dose 
of  UV  capable  of  producing  a  400%  increase  in  pronuclear  fusion  time 
increased  the  cleavage  time  65%  and  prevented  only  5%  of  the  eggs 
from  completing  embryogenesis.  Higher  doses  of  UV,  however,  checked 
cleavage  much  more  efficiently  than  X-rays,  but  permitted  much  higher 
survival  values  than  X-rays. 

All  experiments  conducted  in  equilibrium  with  air  were  paralleled 
with  anaerobic  experiments  designed  to  throw  some  light  on  possible 
recovery  mechanisms.  It  was  found  that  deoxygenation  and  incubation 
for  24  hours  after  irradiation,  before  aerobic  incubation,  was  capable 
of  shortening  the  time  required  for  fusion  of  pronuclei  and  for  cell 
cleavage,  as  well  as  increasing  the  percentage  of  eggs  that  were  capable 
of  completing  embryogenesis,  with  one  exception,  namely,  survival  after 
UV-irradiation  at  low  and  medium  doses  was  not  enhanced  by  post- 
irradiation  anaerobiosis. 

The  Anatomy  of  Plagitura  parva.  Jewel  E.  Berry,  University  of 
Notre  Dame. — Plagitura  parva  Stunkard,  1933  is  an  intestinal  parasite 
of  the  salamander,  Triturus  v.  viridescens  (Rafinesque).  Living  speci- 
mens measured  up  to  7.0  by  2.0  mm.  The  body  is  flattened  dorso-ventrally 
and  is  elongated  and  oval  in  outline.  The  cuticle  is  armed  with  spines 
over  the  anterior  third  of  the  body  and  along  the  entire  ventral  surface. 
The  oral  sucker  is  subterminal  and  is  smaller  than  the  ventral  sucker 
which  is  located  about  0.2  mm.  posterior  to  the  bifurcation  of  the 
intestinal  ceca.  The  musculature  of  the  body  wTall  consists  of  an  outer 
layer  of  circular-,  a  middle  layer  of  longitudinal-,  and  an  inner  layer 
of  oblique  muscles.  Extrinsic  muscles  pass  from  the  body  walls  to  the 
oral  sucker,  acetabulum,  and  pharynx.  The  excretory  vesicle  is  Y-shaped. 
The  two  arms  of  the  Y  lie  laterally  in  the  medulla  in  the  anterior  half 
of  the   body.     The   main   stem    of   the   excretory   vesicle   opens   into   an 
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ampulla,  which  opens  to  the  outside  by  an  excretory  pore  at  the 
posterior  tip  of  the  body.  The  brain  is  situated  dorsally  between  the 
oral  sucker  and  the  pharynx.  It  consists  of  a  pair  of  lateral  ganglia 
connected  by  a  commissure.  Two  pair  of  nerves  are  given  off  from  these 
ganglia  anteriorly.  One  of  these  pairs  proceeds  to  the  oral  sucker  and 
the  other  innervates  the  anterior  part  of  the  body  wall.  Three  nerves 
originate  from  the  posterior  portion  of  each  ganglion.  Of  these,  the 
middle  is  the  lateral  nerve.  Of  the  other  two  posterior  nerves  from  each 
ganglion,  the  innermost  proceeds  toward  the  pharynx  and  the  other 
toward  the  lateral  part  of  the  body  wall.  The  basic  structures  of  the 
digestive  system,  as  well  as  the  male  and  female  genitalia,  do  not  greatly 
differ  from  those  in  most  members  of  the  class  Trematoda. 

Relative  Quantitative  Photometric  Determinations  of  Total  and 
Polymerized  D.  N.  A.  During  Nucleomegaly  in  Trichinosis.  Antonio  E. 
Harrises,  University  of  Notre  Dame. — Samples  were  taken  of  rat  skeletal 
muscle  infected  with  Trichinella  spiralis  larvae  at  various  stages  of 
infection.  The  Feulgen  nucleal  reaction  was  used  to  follow  relative 
changes  in  total  desoxyribose  nucleic  acid  in  the  nucleic  acid  of  the 
nucleus.  The  methyl  green  stain  was  used  as  an  indication  of  nucleic 
acid  polymerization.  A  general  consideration  was  given  as  to  the 
specificity  of  the  Feulgen  nucleal  reaction  and  the  methyl  green  stain. 
It  was  concluded  that  both  are  specific  for  their  respective  substances 
in  the  nucleus. 

Relative  quantitative  measurements  were  accomplished  with  the  use 
of  Photovolt-Model-512  and  the  respective  monochromatic  bands  of  light 
for  absorption  measurements  were  isolated  with  a  Wratten  B-Filter 
(No.  58)   and  a  Wratten  F-Filter  (No.  29). 

This  investigation  uses  nuclear  sizes  and  their  respective  trans- 
mission values  as  bases  for  the  following  conclusions:  that  during 
nucleomegaly,  the  Feulgen  nucleal  reaction  indicates  that  there  is  a 
compensating  dispersion  of  absorbing  molecules  and  that  the  amount  of 
total  D.  N.  A.  is  then  believed  to  remain  constant.  Methyl  green  staining 
indicated  that  depolymerization  of  D.  N.  A.  occurred  during  nucleomegaly 
but  when  degeneration  ceased,  there  was  believed  to  be  a  recovery  of 
polymerized  D.  N.  A. 

It  should  also  be  stressed  that  quantitative  histochemistry  is  a 
relatively  new  field  and  that  absorption  measurements  must  be  cautiously 
observed  with  the  view  point  that  many  variables  are  present. 

The  North  Central  Conference  on  Biology  Teaching.  Willis  H. 
Johnson,  Wabash  College. — The  second  regional  conference  on  biology 
teaching  was  held  at  Douglas  Lake,  Michigan,  August  19-30,  1955. 
About  90  high  school  and  college  teachers  participated  in  the  conference. 
The  conference  was  sponsored  by  the  NABT  on  a  grant  from  the  Na- 
tional Science  Foundation.  Some  of  the  problems  considered  and  some 
of  the  recommendations  agreed  upon  were  outlined. 

The  Effect  of  a  Protein-free  Diet  on  the  Acid  and  Alkaline  Phos- 
phatase Activity  in  the  Mouse  Liver.  Dennis  M.  O'Brian,  University  of 
Notre    Dame. — The   effect   of  a   protein-free   diet,   supplemented  with   a 
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Vitamin  diet  fortification  mixture,  on  the  acid  and  alkaline  phosphatase 
activity  of  the  mouse  liver  was  observed.  To  determine  the  validity  of 
the  experimental  procedure,  various  tests  were  made,  and  as  a  result 
of  these  it  was  shown  that  differences  in  phosphatase  activity  can  be 
attributed  to  the  mice  themselves.  Distilled  water  was  used  in  the 
homogenization  of  the  liver;  and  in  the  measurement  of  phosphatase 
activity,  the  whole  homogenate  gave  the  highest  activity.  The  substrate 
employed  in  this  investigation  was  p-nitrophenyl  phosphate.  On  a  pro- 
tein-free diet,  there  was  no  observable  change  in  acid  phosphatase 
activity;  however  in  the  case  of  alkaline  phosphatase,  there  was  a  marked 
rise  in  activity.  When  the  experimental  mice  were  returned  to  the  control 
diet,  there  was  a  rapid  decrease  of  alkaline  phosphatase  activity  back  to 
normal.  There  seemed  to  be  a  correlation  between  the  loss  of  liver 
weight  and  protein  content  with  the  rise  of  alkaline  phosphatase  activity. 

The  Question  of  Natural  Parthenogenesis  in  the  Wax  Moth,  Galleria 
mellonella.  Sister  Mary  Lorita  Quinn,  R.  S.  M.,  University  of  Notre 
Dame. — The  occurrence  of  natural  parthenogenesis  in  the  wax  moth, 
Galleria  mellonella,  has  been  successively  affirmed  and  denied  by  various 
workers.  This  report  is  concerned  with  a  study  now  in  progress  to 
ascertain  whether  geographical  differences  in  occurrence  of  parthe- 
nogenesis might  be  the  basis  for  these  contradictory  reports.  For 
the  study,  samples  of  brood  comb  infected  with  wax  moth  larvae 
and  pupae  were  procured  from  seven  geographical  localities  in  a  north- 
south  distribution.  A  constant  humidity  (65%)  and  a  varied  range  of 
temperatures  constitute  the  experimental  growth  conditions.  At  all 
temperatures  two  sets  of  matings  (10  males  x  10  females)  have  been 
made  for  each  locality,  one  using  old  brood  comb  as  the  larval  food, 
the  other,  Haydak's  formula.  Morphological  differences  have  made  pos- 
sible the  separation  of  sexes  in  the  pupa  stage.  At  every  temperature, 
one  hundred  emerging  adult  virgin  females  from  each  mating  have  been 
isolated  in  screened  plastic  containers  using  Haydak's  medium  as  a 
protection  against  contamination  by  the  presence  of  fertilized  eggs. 
Results  from  the  three  experiments  completed  (24°  C,  28°  C,  33°  C.) 
indicate  that  at  these  temperatures  viable  offspring  were  not  produced 
though  thousands  of  eggs  were  laid.  In  the  very  few  instances  where 
exceptions  existed,  contamination  was  suspected  as  the  cause  when 
repeat  experiments  failed  to  yield  any  viable  offspring.  Results  from 
experiments  at  20°  C.  and  at  37°  C.  are  forthcoming. 

Ion  Movements  and  Membrane  Potential  Changes  in  Frog  Muscle 
Fibers.  William  K.  Stephenson,  Earlham  College. — Frog  sartorius 
muscles  were  soaked  in  K-free  Ringer  at  2-6°  C.  for  11  to  18  hours. 
Following  soaking  the  mean  fiber  ion  concentration  of  potassium  was 
about  60  mEq/liter  fiber  water  less  than  that  for  fresh  tissue;  sodium 
was  ca.  80  mEq/lfw  greater;  and  chloride  was  ca.  50  mEq/lfw  greater. 
Soaked  muscles  were  recovered  in  10  mM  KC1  Ringer  at  room  tempera- 
ture for  50  minutes.  During  recovery,  a  mean  value  of  30  mEq/lfw  of 
potassium  was  reaccumulated  and  30  mEq/lfw  of  sodium  was  extruded, 
while  the   chloride   concentration   remained   essentially   constant.    Mem- 
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brane  potentials  were  recorded  at  the  beginning  and  end  of  the  recovery- 
period  with  the  glass  microelectrode  technique.  A  mean  value  of  40 
mV  was  obtained  at  each  of  these  two  times. 

In  individual  muscles,  there  was  no  correlation  between  either  the 
net  amount  of  sodium  extruded  or  potassium  accumulated  and  the 
membrane  potential  changes  during  recovery.  Likewise,  membrane  po- 
tentials plotted  against  log  fiber  potassium  concentration  do  not  give 
the  straight  line  relationship  predicted  by  the  Nernst  equation. 

These  results  demonstrate  that  (1)  the  membrane  potential  is  not 
a  potassium  diffusion  potential,  and  (2)  the  sodium  extrusion  mechanism 
is  not  directly  responsible  for  the  production  of  the  observed  membrane 
potential. 

The    Rate   of   Loss   of    Trichinella  spiralis   Larvae   Placed   in  Mice. 

John  E.  Karl,  Jr.,  University  of  Notre  Dame. — The  object  of  this 
problem  was  to  determine  the  longevity  of  1 'richinella  spiralis  larvae 
placed  in  mice  and  their  ability  to  establish  a  new  infection  in  a  host 
after  they  had  been  subjected  to  artificial  digestion  and  refrigeration 
for  varying  lengths  of  time.  If  larvae  were  found  in  infected  stock  rats 
in  sufficient  numbers  the  portion  to  be  used  was  ground  up  in  a  meat 
grinder  and  then  mixed  with  artificial  digestive  juice,  placed  in  an 
incubator,  and  allowed  to  undergo  digestion  from  four  to  eight  hours. 
The  digested  meat  was  then  filtered  and  washed  to  remove  all  extraneous 
matter,  and  the  processed  larvae  were  then  placed  in  a  refrigerator 
for  twenty-four  to  one  hundred  sixty-eight  hours.  Each  mouse  was 
injected  with  210 ±10  larvae  by  means  of  a  syringe  and  a  16  gauge 
needle  the  end  of  which  had  been  fitted  with  a  brass  ball.  The  larvae 
were  counted,  placed  in  a  watch  glass,  drawn  into  the  syringe  with  0.5 
to  1.0  cc  of  tap  water,  and  injected  into  the  mouse  by  forcing  the  needle 
down  the  esophagus  to  the  stomach. 

Seventeen  groups  of  ten  mice  per  group  were  used  in  the  study  with 
groups  one  to  ten  being  killed  at  hourly  intervals,  while  eleven  to  seven- 
teen were  killed  at  two  hour  intervals.  At  autopsy  the  stomach,  small 
intestine  and  large  intestine  were  removed  and  placed  in  a  petri  dish 
over  a  water  bath  at  a  temperature  of  thirty-seven  degrees  centigrade. 
After  one  hour  exposure  to  these  conditions,  each  of  these  organs  was 
observed  for  larvae  by  means  of  a  binocular  microscope.  It  was  found 
that  Trichnella  spiralis  larvae  leave  the  stomach  of  the  host  very  rapidly, 
with  only  1.4  per  cent  remaining  at  the  end  of  two  hours.  The  vast  ma- 
jority of  larvae  was  recovered  from  the  small  intestine  with  the  number 
recovered  varying  inversely  with  the  length  of  time  the  host  had  been 
infected.  Very  few  larvae  were  recovered  from  the  large  intestine,  with 
the  average  being  1.2  per  cent  of  the  total  number  injected. 

The  Projection  of  Serial  Sections  in  Teaching  Embryology.  Murval 
R.  Garner,  Earlham  College. — A  technique  of  mounting  embryological 
serial  sections  of  chick  and  pig  on  film  for  projection  in  a  film  strip 
projector  is  described.  35mm  film  is  fixed  without  exposure  to  light  in  the 
usual  manner.  A  frame  for  holding  the  film  is  made  by  fastening  two 
light   strips   of  wood   such   as  screen  molding   about  an  inch   apart   by 
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occasional  cross  pieces.  A  piece  of  film  as  long  as  the  serial  section  is 
fastened  over  the  opening  in  the  frame  by  thumb  tacks  pushed  through 
the  perforations  of  the  film  into  the  wood.  The  film  is  treated  with 
Szombathy's  gelatin  fixative.  Short  pieces  of  the  serial  section  ribbon 
which  should  have  been  rather  heavily  stained  in  borax  carmine  are 
floated  on  the  film  with  2%  formalin  and  stretched  with  the  heat  of  a 
light  bulb.  After  drying  the  paraffin  is  dissolved  away  by  pipetting  with 
xylol  and  a  clear  plastic  coating  such  as  Krylon  is  sprayed  on.  This 
procedure  gives  a  continuous  serial  section  mounted  on  a  film  which  can 
be  used  as  a  film  strip. 


Study  of  hybrids  between  Colias  eurytheme-philodice  complex 
and  C.  interior   (Pieridae    :   Lepidoptera)1 

Shigeru  Albert  Ae,  University  of  Notre  Dame 

The  genus  Colias  to  which  about  57  species  belong,  is  distributed 
widely  over  the  world  and  the  morphological  differences  among  the  species 
are  relatively  scant.  The  natural  hybrids  among  the  various  species  of 
this  genus  were  described  by  several  students.  However  only  the  hybrids 
between  eurytheme  and  philodice  have  been  studied  in  the  laboratories. 

The  writer  has  been  studying  the  hybrids  between  eurytheme 
-philodice  complex  and  interior.  Eurytheme  and  philodice,  feeding  on  the 
Fabaceae  (clover,  vetch  etc.),  are  common  species  which  are  distributed 
almost  all  over  the  United  States,  and  the  hybrids  between  these  two 
species  are  commonly  found  in  the  field.  They  have  more  than  one 
generation  a  year.  Interior  feeds  on  Vaccinium  (blueberry)  and  is  dis- 
tributed along  the  border  between  the  United  States  and  Canada.  This 
species  has  one  generation  a  year. 

The  results  which  the  writer  obtained  up  to  now  are  the  following. 
One  hybrid  mating  was  obtained  between  a  eurytheme  orange  female 
raised  at  Notre  Dame,  and  a  interior  male  collected  in  Cheboygan 
County,  Michigan  on  July  9,  1954.  Matings  were  carried  on  at  the  flying- 
places  of  interior,  using  the  usual  insect  cages.  Over  150  females  of 
eurytheme-philodice  complex  and  about  100  wild  males  of  interior  were 
used  for  the  matings  during  one  week  each  in  the  beginning  of  July  in 
1954  and  1955,  but  only  one  was  successful.  The  larvae  from  the  eggs 
from  the  above  mentioned  female  were  raised  in  the  green  house  and 
the  growth  room  of  Notre  Dame,  using  white  clover  for  food,  and  46 
males  and  1  female  hybrid  butterflies  emerged. 

The  ground  coloration  of  the  wings  of  hybrid  males  is  intermediate 
between  orange  eurytheme  and  yellow  interior.  The  hybrid  larvae  entered 
a  non-feeding  stage  in  the  third  instar  under  conditions  of  75°  F.,  75% 
RH  and  10  hours  flourescent  light  a  day  in  the  growth  room.  They  began 
to  feed  again  in  the  green  house.  Presumed  females  of  the  hybrids 
(except  one  female  which  emerged  but  failed  to  extend  her  wings) 
entered  a  non-feeding  stage  in  the  green  house  also  and  failed  to  survive 
the  stage. 

The  hybrid  males  were  partly  fertile  and  progeny  of  both  sexes  were 
obtained  by  backcrossing  to  eurytheme  females. 

One  female  of  interior  emerged  on  September  12,  1955  from  the  eggs 
which  a  female,  sent  by  Dr.  A.  E.  Brower  from  Maine,  laid  at  Notre 
Dame  and  which  was  raised  in  the  growth  room  under  conditions  of 
80°  F.,  65%  RH  and  15  hours  fluorescent  light  a  day.  Interior  goes  into 
a  diapause  at  the  second  instar  to  pass  the  winter,  but  this  female  ma- 
tured without  a  diapause,  while  others  entered  diapause  as  usual.  How- 
ever this  female  would  mate  neither  with  eurytheme  nor  philodice  which 
were  collected  at  Notre  Dame. 

1.     The   writer   is   grateful   to   the    Biological    Station,   University   of   Michigan 
for  facilities  given. 
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Food  Habits  of  the  Larval  Tiger  Salamander 
(Amby stoma  tigrinum) 

Clarence  F.  Dineen,  University  of  Notre  Dame 

The  importance  of  the  temporary  role  of  larval  salamanders  in  the 
trophic  dynamics  of  small  aquatic  communities  has  been  underestimated. 
Scientists  have  overlooked  this  phase  of  community  dynamics  or  have 
regarded  it  as  negligible.  Also  of  interest  is  the  variation  of  feeding 
habits  by  the  tiger  salamanders.  Manion  and  Cory  (1)  stated  that  the 
larvae  of  the  tiger  salamander  feed  by  snapping  at  prey  individually 
when  the  light  intensity  is  high  and  become  plankton-feeders  when  light 
intensity  is  low.  The  works  of  Nicholas  (2)  and  Powers  (3)  support 
their  conclusion.  This  phenomenon  plus  the  scarcity  of  quantitative  data 
on  food  habits  prompted  the  author  to  make  large  day  and  night  col- 
lections from  a  single  pond. 

Habitat 

All  of  the  larvae  were  taken  from  a  large  pond,  maximum  depth  5', 
in  a  pasture  in  Cass  County,  Michigan.  Polygonum  and  Ambrosia 
flourished  along  the  margins  of  the  pond.  The  aquatic  plants  which 
sheltered  the  larvae,  namely,  Potamogeton,  Hydrodictyon,  and  Spirogyra 
formed  a  dense  but  not  uniform  cover  in  more  than  half  of  the  pond. 
The  bottom  was  firm  and  irregular.  Many  depressions,  made  by  the 
trampling  of  livestock,  were  a  foot  deep.  Consequently,  the  physical 
conditions  of  the  microhabitats  of  the  larvae  varied  greatly.  Numerous 
tadpoles  of  anurans,  a  few  larval  Jefferson  salamanders  and  one  fish 
(Pimephales  promelas)  inhabited  the  pond. 

Methods 

Plankton  collections  were  taken  prior  to  the  collection  of  the  larvae. 
A  total  of  329  larvae  was  collected  with  a  6-foot  minnow  seine.  The 
date  and  time  of  each  collection  are  given  in  the  Tables.  The  specimens 
were  killed  immediately  with  chloroform.  In  the  laboratory  the  total 
length  was  recorded,  stomach  removed  and  the  contents  analyzed  for  each 
larva.  The  stomach  contents  were  separated  into  3  parts,  namely,  1) 
Chaoboridae,  2)  other  macroscopic  organisms,  and  3)  plankton  and 
detritus.  Individual  counts  (Sedgewick-Rafter  Cell  was  used  for  the 
microscopic  organisms)  were  made  and  volumetric  measurements  (cen- 
trifuged)  were  determined. 

Discussion  and  Results 

The  larvae  ranged  in  total  length  from  70  to  132  mm.  (mean  102.9 
mm.).  The  specimens  from  the  August  1th  portion  of  the  entire  col- 
lection were  older,  consequently  larger  (mean  112.6  mm.).  All  larvae 
transformed  to  adults  and  left  the  pond  for  terrestrial  habitats  about  a 
week  after  the  last  collection. 

231 


232  Indiana  Academy  of  Science 

Species  of  Diptera  (chiefly  Chironomidae  and  Chaoboridae)  were 
the  predominant  larger  food  organisms,  more  than  50%  in  every  col- 
lection, Table  I.  Odonata,  Ephemerida,  Hemiptera  and  Coleoptera  were 
other  important  orders  of  insects  in  the  diet  of  the  larvae.  A  few 
Trichoptera,  Arachnida,  Mollusca  (Physa  and  Musculium)  and  tadpoles 
were  eaten.  The  larval  salamanders  were  not  surface  feeders;  terrestrial 
insects  floating  on  the  water  and  surface  dwelling  invertebrates  were 
insignificant  food  items.  Very  little  plant  material  was  contained  in  the 
stomachs.  As  indicated  by  the  net-plankton  collections,  the  chironomids 
were  strictly  bottom-dwellers,  while  most  of  the  chaoborids  were  on 
the  bottom  during  the  early  collecting  hours  and  became  abundant  in 
the  plankton  (feeding  on  the  smaller  plankters)  at  night,  particularly 
after  9:00  P.M.  The  sky  was  clear  at  6:00  P.M.  on  both  collecting  days. 
On  the  23rd  of  July  clouds  formed  shortly  before  9:00  P.M.  and  a  breeze 
produced  small  ripples  on  the  water.  Undoubtedly  the  light  intensity 
was  greatly  reduced  in  the  microhabitats  of  the  larvae.  The  reduced 
light  intensity  was  correlated  with  a  pronounced  decrease  in  the  number 
of  chironomids  taken  as  food,  and  an  increase  in  the  number  of  chao- 
borids. (Note  figures  for  the  two  late  collections  as  compared  with  those 
of  the  earlier  collections,  Table  I).  This  conclusion  is  supported  by  the 
volumetric  measurements  of  the  Chaoboridae  and  the  plankton  (Table 
II).  Individual  counts  of  the  zooplankters  showed  that  the  increase  in 
volumetric  measurements  was  a  change  in  the  actual  number  of  organ- 
isms and  not  a  change  in  the  amount  of  detritus.  The  chief  zooplankters 
were  Cladocera  (Simocephalus,  Chydorus  and  Daphnia)  and  Copepoda 
(Diaptomus  and  Cyclops).  Also  from  direct  observation  of  the  stomach 
contents,  it  was  recorded  that  less  than  22%  of  the  stomachs  in  the  early 
collections  (9:00  P.M.  and  earlier)  contained  large  amounts  of  zooplank- 
ton;  while  the  two  late  collections  were  54%  and  64%,  respectively.  The 
increase  in  the  amount  of  total  food  (Table  II)  in  the  stomachs  from 
the  late  collections  was  due  to  an  increase  in  feeding  activity  and  to 
an  accumulation  of  food  in  the  stomachs. 

In  conclusion  the  larvae  of  the  tiger  salamander  have  dual  feeding 
habits;  snapping  at  larger  organisms  and  gulping  water  in  order  to 
seine  out  the  plankters.  Light  intensity  is  perhaps  the  major  factor 
controlling  the  extent  to  which  the  larvae  feed  on  plankton.  Under  field 
conditions,  clouds,  angle  of  light  rays,  moonlight,  turbidity,  physical 
conditions  of  the  microhabitats  and  many  other  factors  regulate  the 
amount  of  light  that  is  available  to  the  individual  salamander.  The 
larger  food  organisms  were  chiefly  insects.  Chironomidae  (Diptera) 
was  the  most  important  family.  The  bulk  of  the  planktonic  organisms 
consisted  of  Cladocera,   Copepoda   and  Chaoboridae   (Diptera). 
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TABLE  I.    Macroscopic  Organisms  in  Stomachs 


Collection                 ri 

'  Aug. 

23  July 

Dates 

1952 

1952 

6:00 

6:00 

7:30 

9:00 

10:30 

12:00. 

Time 

P.M. 

P.M. 

P.M. 

P.M. 

P.M. 

P.M. 

#  of  Larvae 

51 

43 

54 

57 

53 

71 

Food  Items* 

Odonata 

4.7 

1.3 

1.0 

1.6 

4.5 

3.8 

Ephemerida 

5.9 

9.8 

7.8 

8.6 

11.6 

11.3 

Hemiptera 

5.6 

6.8 

6.2 

7.7 

8.1 

8.8 

Coleoptera 

15.5 

7.7 

3.7 

6.9 

4.7 

11.9 

Diptera 

Chironomidae 

44.9 

55.5 

65.6 

62.0 

37.5 

28.8 

Chaoboridae 

7.5 

11.4 

10.0 

9.9 

30.3 

29.4 

Others 

* 

2.3 

1.0 

* 

— 

* 

Trichoptera 

2.3 

* 

* 

* 

* 

2.7 

Mollusca 

13.1 

4.8 

4.6 

2.2 

2.1 

2.6 

Other  Organisms 

* 

— 

— 

—  ' 

1.0 

* 

1.    Data  for  food  items  tabulated  in   %   as  calculated  from  individual  counts 
for  each  collection. 
*  less  than  1  % 

TABLE  II.  Volumetric  Measurements  of  Stomach  Contents 


Benthic 

Chaoboridae 

Plankton  & 

Totals 

Collections 

Fauna 

Detritus 

7  Aug.  1952 

6:00  P.M. 

9.8 

0.4 

2.0 

12.2 

23  July  1952 

6:00  P.M. 

5.5 

0.7 

4.0 

10.2 

7:30  P.M. 

4.4 

0.6 

2.5 

7.5 

9:00  P.M. 

6.1 

0.6 

4.0 

10.7 

10:30  P.M. 

7.2 

1.5 

9.3 

19.0 

12:00  P.M. 

6.3 

1.5 

11.3 

19.2 

Data    (calculated  for 

50  larval 

salamanders   in  each 

collection)    in 

cubic  centimeters,  centrifuged  at  2000  R.P.M.  (825  Relative  Centrifugal 

Force  Gravity)  for  15  minutes. 
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Differential  Staining  of  Bone  and  Cartilage 
in  toto  of  Fish 

Joseph  F.  Moran,  Jr.,  University  of  Notre  Dame 

Introduction 

The  present  work  was  undertaken  to  fulfill  the  need  of  differentially 
stained  specimens  for  current  comparative  osteological  research  work  and 
museum  specimens.  Several  techniques  combining  the  Schultz  method 
(6)  for  clearing  tissues,  and  an  alizarin  dye  solution  for  staining  calcined 
elements  have  been  developed  since  1920  (Hollister  (3),  Davis  and  Gore 
(2),  Stokely  (7),  and  Russell  and  McCandless  (5)).  Alizarin  dyes  stain 
calcined  cartilage  and  bone,  but  have  no  affinity  for  other  cartilage.  In 
1940  Williams  (8)  published  the  summary  of  a  technique  using  sodium 
alizarin  monosulfonate  to  stain  bone,  and  toluidine  blue  to  stain  carti- 
lageonous  elements.  The  techniques  used  by  the  present  author  are  those 
modified  chiefly  after  Davis  and  Gore  and  Williams. 

Materials  and  Methods 

Approximately  100  fish  (mostly  centrarchids  and  umbrids  from  0.8- 
24  cm  long),  reagent  or  U.S. P.  grade  chemicals,  and  distilled  water  were 
used  in  the  present  work. 

Hollister  cautions  against  use  of  tap  water  in  preparing  the  alizarin 
solutions  since  flocculence  may  occur.  A  stock  solution  of  4%  potassium 
hydroxide  was  prepared  from  U.S. P.  KOH  pellets  and  distilled  water. 
U.S. P.  white  glycerine  was  used  for  final  clearing  of  all  specimens. 
Ninety-five  per  cent  alcohol  was  used  as  a  stock  for  all  alcoholic  solutions. 
The  stock  solution  of  sodium  alizarin  monosulfonate  stain  was  prepared 
according  to  Hollister) : 

Alizarin  saturated  solution  in  ml 

Glacial  acetic  acid   5 

Glycerine  (white)     10 

Chloral  hydrate  1%   60 

The  stock  solution  of  toluidine  blue  stain,  modified  after  Williams  and 
Miller  (4),  was  prepared  as  follows: 

Dissolve  2.5  gms.  toluidine  blue  in  ml 

Concentrated  hydrochloric  acid     1.33 

95%  alcohol 736.30 

Distilled  water   262.30 

The  stock  toluidine  stain  contains  0.25  gm.  per  100  ml.  solution. 

Each  specimen  was  given  a  code  number  and  placed  in  a  correspond- 
ingly numbered  transparent  plastic  box.  All  specimens  were  treated  in 
these  boxes  and  finished  specimens  were  stored  in  the  same  box. 

The  very  small  specimens  were  handled  as  little  as  possible  and 
therefore  removing  the  solutions  with  a  large  syringe  was  preferred  to 
changing  the  specimen  to  new  solutions. 
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Procedure 

The  procedure  consists  of  four  parts;  namely,  initial  treatment, 
cartilage  staining,  initial  clearing,  and  final  clearing. 

Initial  treatment:  Fresh  material  requires  fixing  and  hardening  for 
at  least  four  days.  In  this  technique  95%  alcohol  proved  most  effective. 
Formalin-  or  alcohol-preserved  specimens  should  be  washed  for  at  least 
24  hours  in  running  tap  water,  then  placed  in  95%  alcohol  for  at  least 
three  days  to  harden.  Stokely  found  that  both  alcohol-preserved  and 
formalin-preserved  specimens  gave  equally  good  results  when  stained 
for  bone  alone.  This  was  also  observed  in  specimens  differentially 
stained  for  cartilage  and  bone  in  the  present  work.  After  hardening,  the 
specimens  are  eviscerated  and  the  skin  and  scales  carefully  removed 
together.  This  is  facilitated  by  the  hardening  process  and  permits  easy 
penetration  of  the  stains. 

Cartilage  staining:  The  stock  solution  of  toluidine  blue  was  mixed 
with  an  equal  part  of  70%  alcohol  for  staining  purposes.  Alcohol- 
hardened  specimens  were  covered  with  toluidine  blue  and  stained  one 
week  for  small  specimens  (2.5-6.0  cm),  and  approximately  two  weeks 
for  those  above  10  cm.  Effects  of  stain  concentrations  of  50,  75,  and 
100%  stock  solution  were  observed  for  periods  of  four  to  fourteen  days. 
In  general,  the  staining  period  varied  directly  as  the  size  of  the  specimen. 

After  staining,  the  specimens  were  washed  for  10-20  minutes  in 
70%  alcohol.  Care  must  be  taken  since  rapid  destaining  may  occur  in 
the  alcohol.  Bensley  and  Bensley  (1)  describe  a  technique  for  destaining 
with  1%  acid  alcohol;  however,  this  was  found  much  too  rapid  in  the 
present  work.  It  should  be  noted  that  the  toluidine  stain  has  a  strong 
affinity  for  flesh  as  well  as  cartilage;  however,  subsequent  clearing- 
procedures  removes  the  stain  from  the  flesh. 

Initial  clearing:  Fresh  material  requires  fixing  and  hardening  for 
at  least  four  days.  In  this  technique  95%  alcohol  proved  most  effective, 
results  in  small-to-medium-sized  specimens  with  a  1%  solution  for 
initial  clearing.  Consequently,  after  washing  in  alcohol,  the  specimens 
were  placed  in  the  lower  concentration.  It  was  observed  that  clearing 
very  large  specimens  (above  18-20  cm.)  was  appreciably  hastened  by  use 
of  3%  KOH.  It  was  observed  also  that  a  0.5%  solution  was  safer  during 
clearing  of  very  small  specimens  (8-10  mm)  in  which  the  process  is  very 
rapid.  Toluidine  blue  becomes  dark  red  in  color  when  introduced  into 
the  KOH  but  after  several  hours  assumes  a  characteristic  deep  blue 
color. 

After  5-7  days  in  KOH,  alizarin  staining  was  begun.  Four  to  six 
drops  of  stock  alizarin  stain  were  added  to  the  1%  KOH  bath  until  a 
clear  ruby  red  color  was  attained.  Solutions  were  changed  daily  and 
clearing  and  staining  proceeded  until  the  bones  were  stained  the  desired 
intensity.  Because  of  the  presence  of  toluidine  stain  in  the  tissues, 
clearing  in  1%  KOH  was  continued  until  the  flesh  became  transparent. 

Treatment  of  specimens  with  peroxide  solutions  during  the  clearing 
phase  of  the  procedure  was  not  necessary  since  the  pigmented  skin  had 
been  removed. 
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Though  several  authors  recommend  use  of  white  trays,  ultra-violet 
light,  and  sunlight  to  aid  in  clearing,  Stokely  did  not  find  such  necessary. 

Final  clearing:  When  specimens  were  sufficiently  cleared  they  were 
passed  in  order  through  a  series  of  aqueous  glycerine  solutions  (20%, 
50%,  75%)  to  pure  glycerine.  Very  small  specimens  were  passed 
through  a  more  gradual  glycerine  series  (5,  10,  20,  50,  75,  100%)  to 
prevent  bloating  and  distortion. 

Clearing  is  often  not  complete  until  the  specimen  has  been  in  pure 
glycerine  for  several  days.  In  case  it  does  not  clear  sufficiently  it  may 
be  downgraded  through  the  glycerine  series  and  returned  to  the  KOH 
solutions. 

Though  Davis  and  Gore  recommend  use  of  a  small  amount  of  KOH 
in  the  initial  glycerine  solution  it  was  omitted  in  the  present  work  since 
some  KOH  is  carried  over  by  the  specimen.  Furthermore  it  was  observed 
to  have  no  apparent  effect  on  the  final  clearing. 

All  specimens  were  store  din  pure  clear  glycerine.  A  small  amount 
of  thymol  should  be  added  to  prevent  mold  growth  in  the  stored  speci- 
mens. If  the  glycerine  becomes  colored  on  standing  it  should  be  replaced. 
Cork  stoppers  never  should  be  used  because  they  discolor  glycerine  and 
also  the  specimen. 
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The    Sterilization   and   Preliminary   Attempts    in    the    Axenic 
Cultivation  of  the  Black  Planarian,  Dugesia  dorotocephala. 

C.  A.  Miller,  W.  H.  Johnson,  and  S.  C.  Millis,  Wabash  College 

Introduction 

Research  on  regeneration  has  been  principally  on  worms,  chiefly 
planarians,  on  hydra  and  on  the  limbs  and  tails  of  urodeles.  Fresh-water 
planarians  possess  the  remarkable,  almost  unlimited,  power  to  regenerate 
the  body  after  injury.  This  phenomenon  has  been  thoroughly  demon- 
strated and  studied  with  a  variety  of  techniques  by  many  investigators. 
Br0ndsted  (1)  has  recently  published  an  excellent  review  and  evaluation 
on  several  phases  of  planarian  regeneration.  However,  a  close  examina- 
tion of  the  literature  on  this  field  of  study  leads  one  to  conclude  that 
little  insight  into  the  physiological  or  chemical  control  of  the  process 
of  regeneration  has  been  gained.  Consequently  the  interest  in  planarians 
as  experimental  material  has  lagged  in  recent  years.  There  is,  then,  a 
definite  need  for  biochemical  studies  on  regeneration  and  related  growth 
phenomena  in  planaria  by  the  use  of  more  modern  techniques  under 
rigorously  controlled  conditions. 

It  is  the  purpose  of  this  paper  to  report  our  preliminary  success 
toward  establishing  planarians  in  an  axenic  medium  which  will  support 
growth  of  the  whole  worms  and  the  regenerating  parts  thereof.  To  our 
knowledge  this  is  the  first  report  on  the  sterilization  and  aseptic 
handling  of  planaria  or,  for  that  matter,  of  any  platyhelminth.  Thus, 
the  initial  investigations  have  been  directed  toward  the  selection  of  the 
most  suited  materials  and  techniques  for  the  work. 

Materials  and  Methods 

It  would  appear  that  the  fresh-water  organism,  Dugesia  doroto- 
cephala, is  quite  suited  for  these  investigations  by  virtue  of  its  large 
size,  its  capacity  to  reproduce  both  sexually  and  asexually,  and  its  high 
regenerative  ability.  This  species  was  used  throughout  these  experiments. 
Other  species  may  show  some  advantages  over  D.  dorotocephala  for 
certain  aspects  of  the  work,  and  we  are  now  examining  D.  tigrina  with 
this  point  in  mind  (see  below).  D.  dorotocephala,  however,  appears  to 
be  much  more  easily  maintained  under  laboratory  conditions  and  tolerates 
a  wider  temperature  range  than  D.  tigrina. 

Stock  cultures  of  the  worms  are  maintained  in  fresh,  boiled  spring 
water  at  several  different  temperatures  ranging  from  4°  to  30°  C.  with 
the  lower  part  of  the  range  being  more  suitable.  As  is  well  known,  only 
a  feeding  or  two  per  week  of  fresh  beef  liver  is  required  to  maintain  a 
normal  strain.  Fewer  feedings  are  required  at  the  lower  temperatures. 
The  culture  is  easily  built  up  merely  by  cutting  the  worms  into  pieces. 
Also,  Child  (3)  reports  that  fission  can  be  induced  or  prevented  in 
D.  dorotocephala,  but  we  have  not  observed  asexual  reproduction  by  the 
method  of  fission. 
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We  were  fortunate  in  obtaining  the  sexual  production  of  egg  cap- 
sules or  cocoons,  and  at  a  time  other  than  they  are  normally  laid  in  a 
natural  habitat.  According  to  Kenk  (13),  the  periods  of  cocoon  laying- 
are  in  the  spring  and  summer  months,  and  thus  correspond  in  nature  with 
external  factors,  chiefly  temperature.  Kenk  (12)  believes  there  is  an 
inherent  cyclic  reproductive  rhythum  in  D.  tigrina,  but  Hyman  (10) 
found  that  the  same  species  can,  when  fully  grown,  be  caused  at  will  to 
develop  a  copulatory  apparatus  and  lay  viable  eggs  by  exposure  to  low 
temperature  followed  by  a  rise  in  temperature.  Some  time  must  elapse 
before  another  sexual  period  can  be  induced.  Apparently,  by  this  same 
method,  we  induced  the  one-hundred  percent  production  of  cocoons  in 
D.  dorotocephala.  We  received  a  shipment  of  planaria  in  January,  kept 
them  in  the  cold  for  a  short  while  longer,  and  then,  upon  placing  them  at 
a  warmer  temperature  the  worms  began  laying  cocoons.  Several  indi- 
viduals of  the  culture  laid  more  than  one  cocoon.  Experiments  designed 
to  induce  premature  sexuality  and  egg  production  in  both  D.  doroto- 
cephala and  D.  tigrina  under  controlled  temperature  conditions  are  now 
in  progress. 

This  technique  is  quite  important,  for  it  has  allowed  the  development 
of  not  one  but  two  successful  methods  of  obtaining  sterile  material:  first, 
the  treatment  of  a  cut  portion  of  an  adult  worm;  and  secondly,  the 
sterilization  of  the  more  easily  handled  cocoons.  The  sterilization  was 
accomplished,  in  both  methods,  by  a  procedure  of  aseptic  washings  and 
treatment  with  antibiotics  for  varying  periods  of  time. 

Two  primary  obstacles  which  are  encountered  in  attempts  to  free  an 
organism  such  as  a  planarian  from  all  of  its  associated  forms  are:  one, 
eliminating  the  microflora  from  its  extensive  gastrovascular  cavity;  and 
two,  eliminating  the  organisms  on  the  surface,  as  the  animal  is  covered  at 
all  times  with  a  sticky  mucus  which  affords  an  excellent  asylum  for 
bacteria  and  other  microorganisms.  Our  initial  approach  was  designed 
to  minimize  the  difficulties.  We  first  thoroughly  washed  the  adult  worm 
in  sterile  spring  water,  to  which  had  been  added  a  little  agar  to  effect 
a  more  viscus  solution  for  a  purely  mechanical  action.  An  anterior  cut 
of  the  worm  was  then  made  in  the  region  of  the  auricles,  and  treatment 
was  continued  on  the  head  portion  only,  thereby  eliminating  virtually  all 
of  the  "gut"  along  with  its  microfloral  content.  It  should  also  be  re- 
called that  the  head  is  the  region  of  the  highest  metabolic  activity,  and 
therefore,  it  was  reasnoed  that  this  portion,  as  apposed  to  a  more 
posterior  segment,  would  be  more  favorable  to  work  with  from  the  point 
of  view  of  better  viability  and  faster  growth  rate.  The  heads  were  washed 
a  few  more  times  and  placed  into  various  concentrations  of  different 
antibiotics.  The  sterilization  of  the  cocoons  also  involved  a  pre-washing 
step  through  several  changes  of  the  sterile  spring-water-agar  solution, 
and  of  spring  water  alone,  prior  to  placing  them  into  the  antibiotic 
solution.  Both  the  heads  and  the  cocoons  were  allowed  to  remain  in  the 
antibiotic  solution  for  varying  periods  of  time,  after  which  they  were 
again  aseptically  washed  and  carefully  transferred  to  a  sterile  medium. 
The  washings  and  treatments  with  antibiotics  were  performed  at  room 
temperature  (23-27°  C.)  in  sterilized  depression  slides  inside  of  sterilized 
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petri  dishes.  Culturing  was  carried  out  in  test  tubes,  different  kinds  of 
flasks,  and  depression  slides.  Low  magnification  observations  could 
readily  be  made  in  some  instances.  No  fixing  or  staining  of  the  material 
has  as  yet  been  done. 

Results 

In  the  initial  experiments,  on  the  cut  head  portions,  it  was  necessary 
to  determine  what  the  most  effective  antibiotics  were,  and  the  optimal 
concentrations  of  them,  which  would  effect  the  desirable  bactericidal 
action  and  yet  remain  non-toxic  to  the  planarian  tissues.  Fourteen  heads 
were  treated  and,  of  these,  only  three  survived  the  testing  because  of 
antibiotic  toxicities,  contaminations,  and  the  unfavorable  effects  of 
certain  media.  A  similar  survey  treatment  was  carried  out  on  the 
cocoons  once  they  were  obtained.  Those  antibiotics  tried  were;  penicillin, 
dihydro-streptomycin,  achromycin,  and  sulfadiazine.  Potassium  peni- 
cillin-G  at  a  concentration  of  2,500  to  5,000  units /ml  and  dihydrostrepto- 
mycin  sulphate  at  a  concentration  of  25  to  50  mg/ml,  used  both  singly 
and,  more  effectively,  in  combination  were  effective  in  producing  sterile 
material.  The  length  of  time  that  the  material  may  be  allowed  to  remain 
in  the  antibiotic  solution  depends,  of  course,  upon  the  concentration  of 
the  antibiotic  and  upon  the  type  of  material  used.  The  cut  head  portions 
were,  as  expected,  more  susceptible  to  antibiotic  toxicity  than  were  the 
cocoons.  The  heads  exposed  to  the  penicillin-streptomycin  solution  for 
periods  of  18  hours  or  less  showed  the  best  survival,  while  the  cocoons 
left  in  the  same  concentration  for  periods  of  48  hours,  were  found  to 
hatch  viable  worms. 

In  these  studies  it  has  become  quite  obvious  that  the  cocoons  offer  the 
most  favorable  starting  material  in  obtaining  sterile  planarians.  When 
the  production  of  the  cocoon  or  egg  capsule  is  completed  it  contains 
several  eggs,  usually  from  2  to  20,  and  hundreds  of  yolk  cells.  The 
cocoons  which  we  have  observed  from  D.  dorotocephala  are  spherical  to 
ellipsoidal  in  shape  and  about  one  millimeter  in  diameter.  When  first 
laid  the  cocoon  is  soft  and  bright  orange  in  color.  After  a  few  hours, 
the  surface  hardens  and  the  color  changes  to  red,  and  finally  to  dark 
brown.  At  normal  temperatures  the  egg  capsule  will  hatch  in  from  one  to 
two  weeks.  They  may  be  stored  at  lower  temperatures  to  delay  hatching 
for  longer  periods  of  time.  Thus,  in  comparison  to  a  cut  portion  of  an 
adult  worm,  the  cocoon  may  be  subjected  to  rather  rigorous  treatment 
and  more  versatile  handling. 

We  have  treated  approximately  50  cocoons  and  placed  them  into  a 
variety  of  different  media,  obtaining  from  each  cocoon  one  to  seven 
minute,  non  pigmented,  worms.  About  80  percent  of  the  cocoons  hatched 
sterile  worms  after  the  antibiotic  treatment.  Sterility  was  checked  in  all 
cases  by  noting  contamination  of  the  nutrient  medium  into  which  they 
were  placed,  and  by  periodic  checking  for  contamination  by  several 
different  bacteriological  procedures  such  as  plating-out,  nutrient  broth, 
thioglycollate  medium,  etc. 

The  growth  and  length  of  life  of  the  sterile  worms  varied  greatly  de- 
pending upon  which  medium  they  were  placed  in.    Although   several 
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different  media  have  been  tested  with  both  hatched  worms  and  the  head 
pieces,  little  can  be  said  about  which  is  the  best  at  the  present  time.  The 
media  used  were  composed  of  different  combinations  of  the  following;  an 
autoclaved,  aqueous  extract  of  fresh  beef  liver;  Difco  liver  extract;  heat- 
killed  baker's  yeast;  various  preparations  of  yeast  extracts;  Difco  pro- 
teose-peptone;  egg  yolk;  and  egg  white.  We  have  also  tried  variations  of 
the  rather  complex  Paramecium  axenic  medium  (19),  and  we  have  even 
introduced  sterile  planarians  into  an  axenic  culture  of  paramecia.  Several 
different  concentrations  of  these  various  nutrients  were  tested.  In  all 
cases  the  dilutions  were  made  with  spring  water. 

Two  of  the  sterile  head  pieces  lived  for  two  weeks  in  a  dilute  liver 
solution,  and  showed  good  regeneration  before  being  lost  in  manipulation. 
More  than  seventy-five  sterile-hatched  planarians  were  maintained  from 
periods  of  a  few  days  to  as  long  as  six  weeks.  Some  lived  for  a  few  weeks 
in  sterile  spring  water  alone,  but  those  cultured  in  liver  extracts,  yeast 
extracts,  and  the  egg  yolk  medium  showed  the  greatest  increase  in  size 
and  the  most  extensive  pigmentation.  The  liver  and  yeast  extracts  were 
heat  sterilized,  while  the  egg  yolk  was  removed  aseptically  from  a  fresh 
egg  and  diluted  with  spring  water.  A  detailed  description  of  various 
specific  media  tested  has  been  purposely  omitted  because  the  results  on 
the  growth  of  the  worms  is  still  quite  preliminary.  The  worms  that  had 
survived  for  several  weeks  died  near  the  end  of  the  school  year  when 
the  temperature  in  the  laboratory  was  high.  Thus,  there  is  some  reason 
for  believing  that  unfavorable  temperature  conditions  may  have  caused 
the  termination  of  the  first  experiment.  Current  experiments  are  being 
carried  out  in  an  air  conditioned  laboratory. 

Discussion 

The  flatworms  have  been  neglected  biochemically  in  spite  of  the 
great  amount  of  research  which  has  demonstrated  their  remarkable 
powers  of  regeneration.  The  prospects  of  obtaining  planarians  in  pure 
culture,  described  in  this  paper,  might  pave  the  way  for  a  more  pene- 
trating analysis  of  regeneration  and  the  regulation  of  metazoan  growth 
than  has  hitherto  been  possible.  The  most  significant  contribution  of  this 
work  is  the  demonstration  of  the  ease  of  obtaining  sterile  material  via 
the  treatment  with  antibiotics.  The  sterilization  of  planarians  or  of  tissue 
therefrom  has  been  attempted  by  others.  Murray  (15),  in  her  doctorate 
work  under  Child,  re-examined  some  of  the  earlier  unsuccessful  attempts 
to  use  such  bactericidal  agents  as  mercuric  chloride,  mercurochrome,  and 
hydrochloric  acid  (which  causes  the  copious  secretion  of  mucus  by  the 
worms  and  which  may  be  followed  by  aseptic  washings).  She  also  re- 
ported on  her  use  of  ultra-violet  radiation  to  effect  sterility.  This 
appeared  the  most  promising  of  all  the  treatments.  In  the  use  of  U.  V. 
radiations  for  sterilization  purposes  one  would,  of  course,  need  to  take 
into  account  its  mutagenic  effects  on  the  planarian  tissue.  Dougherty 
and  co-workers  (9)  have  used  similar  techniques  in  rendering  two 
representatives  of  rhabditoid  nematodes  aseptic.  They  accomplished  this 
by  a  24-hour  treatment  of  gravid  females  with  a  mixture  of  penicillin 
and  streptomycin,  followed  by  sterile  water  rinses  and  a  1-hour  exposure 
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to  an  aqueous  solution  of  merthiolate.  Further  treatment  involved  the 
viable  larvae  only.  Axenic  cultures  of  these  worms  were  maintained  for 
many  transplants  on  a  complex  medium  of  nutrient  agar  supplemented 
with  Seitz-filtered  liver  extract  on  which  fractionation  was  later  carried 
out  (8). 

The  fact  that  we  have  been  able  to  culture  sterile  planaria  for  a 
period  of  six  weeks  in  a  heat  sterilized  media  is  very  encouraging. 
However,  we  are  now  examining  filter  sterilized  liver  extracts  in  the 
hope  that  it  may  support  better  growth.  Once  a  workable  culture  method 
is  perfected,  an  attempt  will  be  made  to  chemically  define  the  medium. 
It  should  be  obvious  that  a  completely  denned  medium,  although  de- 
sirable, need  not  exist  in  order  to  begin  some  very  exacting  biochemical 
studies;  but  a  sterile  or  axenic  medium  is  most  essential. 

Some  work  on  the  inhibition  and  acceleration  of  growth  and  regenera- 
tion in  planarians  by  specific  compounds  such  as  carcinogenic  hydro- 
carbons (16,  17),  sulfhydryl  groups  (5),  and  amino  acids  (14)  has  been 
reported.  These  were  carried  out  in  uncontrolled  media  and  have  thus 
lead  to  contradictory  results.  Never-the-less  such  findings  would  be 
worth  re-examinating  under  controlled  conditions.  Br0ndsted  (2)  has  re- 
cently reported  that  ribonucleic  acid  accelerates  the  rate  of  regeneration 
in  starved  planarians.  This  correlates  with  the  finding  by  Clement  (4) 
that  ribonucleic  acid  disappears  during  organogenesis  of  the  regenerating 
organisms.  Br^ndsted  (1)  also  reports  that  B-vitamins,  especially  ribo- 
flavin, accelerates  regeneration.  And  Weimer  et.  al.  (20)  record  an 
acceleration  of  eye  formation  in  Phagocata  gracilis  by  thyroxin. 

One  other  series  of  observations  seems  worthy  of  consideration  in  a 
discussion  of  planarian  nutrition.  Wulzen  and  Bahrs  (21)  reported  the 
development  of  a  specific  disease  in  planaria  fed  on  the  tissues  of 
guinea-pigs  and  rabbits  which  lacked  greens  in  their  diet.  When  greens 
were  included  in  the  diet  of  the  rodents,  the  planarians  thrived  on  their 
tissues.  When  the  guinea-pigs  were  maintained  on  the  deficient  diet  for 
months,  a  general  muscle  stiffness  developed,  followed  by  extensive 
calciferous  deposits  and  finally  death.  Van  Wagtentonk  and  Wulzen 
(18)  succeeded  in  isolating  a  sterol  from  plant  sources  with  antistiffness 
activity  which  was  later  identified  as  stigmasterol  (11).  In  the  course 
of  this  work  the  assay  shifted  entirely  to  mammalian  organisms,  and  the 
direct  need  for  the  "antistiffness  factor",  or  stigmasterol,  as  an  essential 
metabolite  for  planaria  has  never  been  investigated.  In  the  development 
of  an  axenic  medium  for  Paramecium  aurela,  Conner,  van  Wagtendonk, 
and  Miller  (7)  found  that  this  organism  also  required  a  plant  factor. 
The  "antistiffness  factor"  could  replace  the  "P.  aurelia  plant  factor", 
and  it  was  subsequently  shown  that  stigmasterol  was  one  of  the  most 
active  of  the  sterols  tested  (6).  Other  unrelated  organisms  have  now 
been  shown  to  require  sterols  for  growth,  and  from  the  above  discussion 
it  would  seem  probable  that  planaria  might  fall  into  this  pattern. 

These  interesting  but  isolated  observations  might  be  brought  to- 
gether and  re-examined  in  an  axenic  culture  of  planaria  with  the  possi- 
bility of  obtaining  specific  knowledge  of  the  chemical  requirements  for 
planarian  regeneration. 
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An  Investigation  of  the  Golgi  Apparatus  by  Means 
of  the  Phase  Contrast  Microscope 

Saul  Wischnitzer,  University  of  Notre  Dame,i  Notre  Dame,  Indiana 

In  the  year  1898  Camillo  Golgi  (3)  the  distinguished  Italian  neu- 
rologist, identified  an  internal  recticular  apparatus  in  Purkinje  cells  of 
the  cat  and  bar  owl.  Since  that  time  more  than  2,000  papers,  including 
28  review  articles,  have  been  published.  Two  classical  methods,  namely 
impregnation  of  fixed  materials  with  metal  salts  and  vital  staining  have 
been  used  extensively  in  studying  this  organoid. 

While  the  impregnation  methods  are  not  specific,  the  results  which 
they  yield  justify  the  conclusion  that  the  blackened  networks  reveal  the 
presence  of  some  hitherto  unrecognized  material. 

Of  the  well  known  vital  stains,  neutral  red  was  the  first  to  be  used. 
This  work  led  to  the  vacuolar  and  canalicular  theories  of  the  Golgi 
apparatus.  Subsequent  work  has  cast  strong  doubt  on  the  validity  of 
both  concepts.  It  should  be  emphasized,  that  in  view  of  the  fact  that 
slight  surface  tension  changes  may  convert  a  canal  into  a  row  of  droplets 
or  produce  the  reverse  effect,  the  vacuolar  and  canalicular  theories  may 
be  based  on  a  purely  physic-chemical  transformation  of  a  system  of 
canals. 

The  Golgi  apparatus  of  fixed  preparations  is  an  artifact,  in  the 
sense  that  it  conveys  an  impression  which  does  not  fully  or  accurately 
represent  the  state  of  affairs  in  the  living  cell.  The  main  difficulty  is 
that  the  Golgi  apparatus  cannot  be  seen  when  freshly  isolated  mammalian 
somatic  cells  are  examined  by  means  of  the  light  microscope.  The  phase 
contrast  microscope  has  been  used  in  the  hope  of  overcoming  this  diffi- 
culty. Investigations  of  the  Golgi  apparatus  by  this  means  has  been 
very  limited  and  inconclusive. 

Materials    and  Methods 

Columnar  intestinal  epithelial  cells,  pancreas  acini,  liver  cells, 
columnar  epididymal  cells  and  dorsal  root  ganglion  neurons  from  albino 
mice,  were  examined  by  means  of  a  Spencer  phase  contrast  microscope, 
using  bright  high  contrast  and  medium  contrast  oil  immersion  objectives. 
The  slides  were  prepared  from  minced  tissue  fragments  and  were  kept 
in  oxygenated  Tyrode's  solution. 

Results 

Examination  within  3  to  5  minutes  after  isolation,  failed  to  reveal 
the  presence  of  a  classical  Golgi  net  in  the  columnar  intestinal  epithelial 
cells.  Numerous  granular  mitochondria  are  seen  in  the  basal  portion  of 
the  cell  which  also  contains  the  oval  nucleus.  After  a  short  time  one 
can  observe  spheres  in  the  Golgi  zone.  After  two  hours  of  standing  these 
spheres  coalesce  into  canc*iiculi.  These  spheres  as  can  be  expected,  would 
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Fig. 


1.     A   phase   contrast   photomicrograph    of   a   livor   cell    approximately   five 
minutes  after  isolation.    A  classical  Golgi  image  is  absent.     1200  X. 


Fig.  2. 


Same  cell  two  hours  after  isolation.    A  canaliculus  or  negative  image  of 
the  Golgi  apparatus  (arrow)  has  developed.  970  X. 
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offer  a  surface  for  the  precipitation  of  metal  salts  such  as  Silver  or 
osmic  acid  used  in  impregnation.  This  appears  to  be  exactly  what  has 
happened  as  shown  in  Dalton's  (1)  electron  micrograph  of  some  columnar 
intestinal  cells. 

The  cytoplasm  of  liver  cells  (Fig.  1)  reveals  numerous  small  and 
large  lipid  droplets  which  are  highly  refractile.  These  lipid  droplets  are 
light  or  dark  depending  on  their  position  with  reference  to  the  focal 
plane.  A  Golgi  net  is  again  absent.  After  two  hours  of  standing  (Fig.  2), 
the  presence  of  a  complex  juxta-nuclear  canalicular  appartus  is  clearly 
evident.  Were  it  not  known  that  this  network  had  arisen  as  a  direct 
result  of  post-mortem  intracellular  changes,  then  one  would  have  un- 
hesitatingly called  it  a  negative  Golgi  image. 

Due  to  the  presence  of  a  strong  connective  tissue  reticulum  in- 
vesting pancreas  acini,  it  was  extremely  difficult  to  isolate  individual 
pancreas  cells.  The  apical  region  of  these  cells  contains  numerous  zymo- 
gen granules.  It  is  interesting  to  note  that  the  nuclei,  which  are  in  the 
basal  zone,  become  visible  only  after  5  to  10  minutes.  A  Golgi  network 
is  absent  from  the  subnuclear  region,  where  it  is  normally  produced 
by  the  classical  impregnation  methods. 

The  upper  two-thirds  of  the  columnar  epididymal  cells  were  found 
to  be  filled  with  numerous  large  and  refractile  lipid  droplets,  pigment 
granules  and  thin,  dark,  filamentous  mitochondria.  Golgi  images  were 
not  seen.  Dalton  and  Felix  (2)  reported  the  presence  of  a  classical 
network  in  fresh  material  observed  by  phase  microscopy.  While  one  of 
their  photographs,  Figure  6,  reveals  the  presence  of  a  Golgi-like  net,  it 
is  lacking  in  the  filamentous  mitochondria  which  even  they  admit  are 
present.  It  is  conceivable  that  the  effect  of  the  4%  NaCl  solution,  which 
they  have  subsequently  changed,  produces  aggregation  of  the  mito- 
chondria into  such  reticular  images.  That  distortion  takes  place  is 
evident  by  the  appearance  of  the  outer  surface  of  the  columnar  cell.  In 
any  case  it  should  be  strongly  emphasized,  that  even  if  the  report  of 
the  presence  of  a  Golgi  network  is  verified,  this  does  not  necessarily 
imply  its  existence  in  other  types  of  cells. 

As  for  the  dorsal  root  ganglion  neurons,  clear  refractile  areas  were 
noted  to  develop  in  the  otherwise  homogenous  cytoplasm  on  standing. 

Discussion 

An  objective  examination  and  analysis  of  the  voluminous  literature 
-on  this  subject  will  lead  one  to  the  conclusion  that  there  exists  within 
a  specific  region  of  the  cell  a  substance  of  lipoidal  nature,  which  exhibits 
polymorphism  when  treated  with  the  classical  methods.  The  morpho- 
logical investigations  carried  out  by  means  of  the  phase  contrast  micro- 
scope, as  reported  in  this  paper,  reveals  that  the  Golgi  apparatus  as 
classically  considered  is  probably  an  artifact.  This  is  to  be  expected 
since  undoubtedly  by  means  of  the  classical  methods  gross  distortions 
are  produced  due  to  the  forces  that  are  set  into  action  against  the  lipids 
of  the  cell. 

Results  obtained  by  the  new  observational  technique  are  very  sig- 
nificant since  numerous  supporters  of  the  in  vivo  existence  of  the  Golgi 
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apparatus  explain  its  invisibility  in  living  untreated  cells  as  being 
due  to  the  fact  that  it  has  the  same  refractive  index  as  the  rest  of  the 
cytoplasm.  If  this  were  so,  observation  by  means  of  the  phase  contrast 
microscope  should  make  the  slight  difference  between  the  two  substances 
sufficiently  pronounced  so  that  the  organoid  would  become  visible.  This 
however  is  not  the  case. 

Further  evidence  as  to  the  ease  with  which  the  cell  is  distorted  has 
been  brought  out  as  a  result  of  the  observation  of  the  effects  of  the 
surrounding  medium  on  the  tissues  studied.  These  effects  consisted  of 
sphere  formation  and  post  mortem  coalescence  of  inclusions,  forma- 
tion of  clear  refractile  areas  and  of  canaliculi.  Cell  shrinkage  with  the 
resultant  distortion  of  the  intracellular  contents  contributed  to  the 
artifact  formation. 

A  logical  explanation  of  the  entire  question  was  originally  presented 
by  Walker  and  Allen  as  far  back  as  1927  (7).  Based  on  a  series  of  very 
convincing  experiments  they  concluded  that  the  Golgi  apparatus  in 
impregnated  preparations  are  probably  artifacts  produced  by  the  methods 
used  to  demonstrate  them.  They  also  showed  the  possibility  of  artificially 
reproducing  the  Golgi  apparatus,  and  strongly  indicated  that  probably 
phospholipids  are  the  materials  that  form  the  organoid.  Unfortunately 
this  excellent  paper  received  very  little  attention  after  its  publication. 
Their  conclusions  were  in  the  main  substantiated  by  the  work  of  Palade 
and  Claude  in  1949  (4). 

By  realizing  that  phospholipids  are  found  in  varying  concentrations 
in  almost  all  tissues,  and  in  particularly  high  concentrations  in  nervous 
and  germinal  tissues,  the  differences  in  the  form  and  thickness  of  the 
network  when  revealed  by  the  classical  methods  become  readily  under- 
standable. The  Golgi  material  has  been  observed  in  forms  (Fig.  3.) 
ranging  from  globular  to  spherical,  rod-like  to  tubular,  from  a  solid 
network  to  a  canalicular  recticulum,  as  well  as  in  numerous  inter- 
mediate forms.  The  suggestion  is  therefore  made  that  the  Golgi  sub- 
stance is  in  reality  made  up  of  a  fine  dispersion  of  phospholipid  micro- 
scopic or  submicroscopic  particles  located  in  the  juxta-nuclear  zone. 
The  morphological  variations  that  are  exhibited  by  this  organoid  would 
therefore  be  determined  by  the  concentration  of  the  "phospholipid  dis- 
persion" and  the  degree  to  which  distortion  takes  place.  Palade  and 
Claude  (4)  have  found  that  even  changes  in  pH  are  effective  in  the 
production  of  various  different  Golgi  figures.  The  phospholipid  nature 
of  the  dispersion  has  been  confirmed  by  biochemical  analysis  as  reported 
by  Schneider  and  Kuff,  (5).  And  recent  electron  microscopic  work  by 
Sjostrend  and  Hanzon  (6)  has  shown  the  presence  of  submicroscopic 
lipid  particles  and  lamellae  in  the  Golgi  zone. 

Conclusions 

1.  A  review  of  the  voluminous  literature  on  this  subject  indicates 
that  an  unknown  material  is  present  in  a  localized  area  near  the  nucleus 
of  the  cell.  This  material  has  a  lipoidal  nature  and  when  treated  with  the 
classical  techniques  exhibits  a  polymorphism. 


Zoology 


247 


•::  a 


<i^ 


s* 


Fig-.  3.   The  various  proposed  forms  for  the  Golgi  apparatus 
and  their  interrelationships. 

A.  Golgi  substance  made  up  of  submicroscopic  and 
microscopic  lipoid  particles. 

B.  Lipochondria  of  Baker. 

C.  Golgi  material  of  Gresson. 

D.  Golgi  apparatus  of  Gatenby. 

E.  Canaliculus  or  Trophospongium  of  Holmgren. 

F.  Classical  Golgi  apparatus. 

2.  Nothing  resembling  the  classical  'Golgi  apparatus'  or  'Golgi  ma- 
terial' is  visible  on  first  observation  of  tissues  isolated  from  living 
albino  mice. 

3.  With  increasing  time,  post-mortem  coalescence  of  inclusions  in 
the  Golgi  zone  was  observed  in  columnar  intestinal  cells  and  distinct 
refractile  areas  appear  in  the  otherwise  homogeneous  cytoplasm  of 
dorsal  root  ganglion  neurons.  Canaliculi  and  network  images  develop  in 
liver  cells  on  standing. 


248  Indiana  Academy  of  Science 

4.  It  is  suggested  that  the  classical  osmiophilic  and  argentophilic 
Golgi  nets  are  fixed  and  stained  products  of  changes  associated  with  the 
death  of  the  cell. 
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